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According to the nitride semiconductor device with 
the active layer made of the multiple quantum well 
structure of the present invention, the performance 
of the multiple quantum well structure can be 
brought out to intensify the luminous output thereof 
thereby contributing an expanded application of the 
nitride semiconductor device. In the nitride 
semiconductor device comprises an n-region having 
a plurality of nitride semiconductor films, a p-region 
having a plurality of nitride semiconductor films, and 
an active layer interposed therebetween, a multi-film g, 
layer with two kinds of the nitride semiconductor 
films is formed In at least one of the n-region or the. 
p-region. 
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[7i]*i»A n^it^x±w^^ 






mm^=^ 8 M im^ s? k ramnit lo n 



[57]fBa 




: ^ ^ ^ 

±m n mKm^^m{>-nn.it^^^wmM.m^t in 
^^w^mm±mm=.^uit®^^wm^mc>.^-^mm^M^ iooa 

It E-ft * -f # M Eb In.Ga,., N(0<x<l)iE^ ; ± ^. ~ ft M -fc ^ # # 
Mi Illy Ga,.yN(0^y<K Y<X)ll^o 

5 :^ ffi ^ = 

Wo 



10. iPt^fiJ^* 9 3i6<JE'H:tl#-f #7C#. ^#tiE«T, ±3im 

12. $[I$lflJg* 9 '34 10 ^/f 3* WMf-ttl^##7C# , ^#tE«^, ±- 

13. nUmW^ 9-12 +ffiM-Jl5if ^6fit^^tf#^#7n#, 

14. $PiXjfiJg* ,9-13 4'ft{5r-JSM;^6fimtt.ti¥^#7c#. ^# 

15. ia^mm^ 9-13 ^ffif5i-]^/;Ti66timftti¥-#^2l^7e#, K# 

16. $p^^ij^* 9-13 '=^iii^-mpnm^n.it^^ww7ti^. -^^ 



±^mmm&^ InaGa,.,N(0<a<l)|^^6tl^*? W^^^^I, 

18. -ti^ s^MEft'^^^.^^^fifj n m 

E^, ■^*^Mm4fc%4^^#^I^6<]plim:^:tf0]AW^I!IM5 
± ^ W i!i M :t * ■In.Ga,., N(0<a^ ^ 6*1 ^ t ^ W *g , 

19. $nfefiJ5* 17 ^ 18 B^i6 6^Efttf*^#:7c#, M^m^^P. 

20. iaiSLmm^ 17 m 18 B^sBMmfttl*##7U#. 

21. t/^f'^Tu^, 'es*^ME^ti*#i*ti^e<] n 

Al,Ga,.,N(0^b^l)ptil^a<] pfJJ-^MliaMM; 

± S& W ?i m ;t i. In,Ga,., N(0^a<l)t^ ^ 6«J ^ 4 ^ @t ^ , 



22. taumm^^ 18 21 ^32&wmtt.ti*^#7c#, 

6<) « 4t tl ¥ ^ # M M # M ^ W o 

23. -^Uit^^WWytW , A^^ME^tl^^^^I^e^ n iJ 

AUGa,.bN(o^b^i)pi^^w pm^mmm^Mi 

24. ^IP&^iJH* 17-23 4'ftM-JlMi^fi<J®fttl>^#7G#. ^# 

wwmm^ ^ nmn m mm ^ 

25. iaumm^ n-24 ^^n-mmmmw.it^^^WTt^. ^# 

26. $Pt5lfiJg* 25 PJjilt!^%it^^WW7ti'^> , ±^ n 

21. t]\um^^ 26 n\mmn.^m^w.w^n, %m'^^=f-, ^±3^ 

s!c p tJ ^ M M ® M is ± , 7 ^ P M ,^ M Mg W P IPJ GaN g M . 

28. s^Rw^-t P agMM&?ii^^amtt.ti¥f=^MS<j p tjE^, 



29. taUm^M 28 ^ WM'H:ti*##:7u#. ^#tES^, ^±mn 

30. inum^^ .28 m 29 0fi66^ftfttf¥##7n#, ^#tES^., 

31. ^ntx^ijg^ 28 29 ^i66fiM'H:!^*##7n#, 

#^#M^S Al, Ga,.,N(0<y<l)^^^Kf . 

32. taummM 28-31 ^eM-j;M^j^fitim^fcti*##7£#, ^# 

33. $ntS[fJ5* 28-31 4'ffif5J-J|i^jia^i[ft;t!*##7i;#, S# 

3^6^ p M^Ms^ims^ lxlo'Vcm''^5xlo^7cm^ ^-^Uit^^wwm 

4'#^&?]&^mffl^ 5X10'Vcin''^5X10'Vcm\ M JL , ± - # M ^ iJ ¥ # 

34. mUmm^ 28- 33 ft M-J^FT^9^m^ttl*-^#7C#, S# 

36. $P^fiJ5* 28- 35 ^'ftM-JM^^fj^ fi^a4ttJ^-##7n#, ^# 

^H^W p Ma^Mo 

37. n^mm^ se 0f^wM^ti¥^#7n#, K#tE:ffi^, p 



39. $n^fiJS^ 38 f;T;*6^mit4^^#^7c#, ^#tiE4^, 

40. intSi^lJ^^ 38 WM^i!^*^^7C#, ^#tE:S^, ±j^B 

41. -#m4{:ti*f'#7n#, t;^S^Mm{tt)¥^#m^6^ n« 

AUGa,.b N(0<b.^ 1 ) ^ 6<] ■ p fij ^ M M a ^ M ; 

± W ^ M ;^ * In.Ga,., N(0<a<l 0<] ^ 1 T W ^ 1^ » 

42. ^n-tJl^iJ^* 38 m 39 m^^%^^'^^W7ti>^ , iiifffi^^, 

±ai ntj^MMMiMJ?^ ioo~iooooA ^AV^^mnvcm^^wnj^ 

^l^m, ^ilJf^ 50~ioooA Wi#l^7 n 

^n^, 25~ioooA M^^#^wmftti*^#*^mw±M 

^ 0 



43. tU^mm^ 38-42 ^ffi^-3^B^3^Wmibi^¥##7t;#, %n 

44. in JplJ ^ * 38- 43 ■^ftM-J^^/^3tWM4ttl*##7U#. S# 

45. $n*5l^iJS^ 44 Ff3* , ±J* n 

« ® M ^ S ^ W GaN M.± i^S « 

46. t'n^mmM 45 ^;fai6^stt.ti¥-^^*7D#, ^^tis^, 

±i^##3^6«} GaN M*^iSiaT;i^ W Ga,Al,_,N 

p m^MmmM.m±, ?^ ^ t p m ^ Mg w p « oaN ^ m m o 

. 47. ->t ##7n# , -BSS^MM^ttJ^-^^^^lJ^gBtl ni!l 

l^i^±i^nM^MmMW^^^t^^±i&pM^^MMfi<J^^^PIo 
4fc tl ¥ # # M a ft 3a * 6^ n M ^ M E M ; 

49. - ft a 'f-fc t) * # 7t . t: S S ^ ^ E it ¥ # # ^ W n ffi 

E Jgi , Et) ^ a m f-t * ^ i* % ^ W p « IE ^ :t |0J A W W ii M ; 



50. numm^ 47-49 ^iii^-mBrm^n.i^m^^W7ti^, 

51. in^iTflJ^^ 47- 50 waft tl¥#^2|^7U#. ^!Nf 
^ , ±^ n m^mmmt'^ Al,Ga,.,N(0<2<l) m IiipGa,.pN(0<p<l), 

pm^mmm^'^ Al,Ga,,,N(0<x<l) m In,Ga,.,N(0^y<l)o 

52. $P$l?iJ^* 47-51 ftM-J|Bff^&^Efttf^##7U#. Sift 



8 



i^. m ^ 



:^Rm^Ri^M^R^-^R's (LED)> i^mm^m. 

Ui^^^WW. (Mia , In,A l,Gai.,.,N^ 0^x> 0^y^ x+y^l), 

nitm^^w^^M^mm^ led. mm^ led 6tj*^*4, Rr:i:i*iS 

ffl^ ^fe LED |§#. ^^Mis^'jT. IJilS^tSiHSC^^It^fctio i^^ LED 
7c#6<]»*^I^ST^!j#M^?*:MSrfD^: «^g^«it±ft GaN 

mmnm, 4 si e^i GaN nmmmB, (sq^-. 

Single-Quantum-Well) '6^ InGaN, ^ # :R W InGaN 6<] ^ » T l^f ^ ( MQW: 
Multi-Quantum-Well) ^ M M , S ^ Mg 6^ AlGaN ^ W p f ij S M M' . 

Mg GaN l^^fKj P tJ^teM. 3^^t7G#:i:^^^^tt® Wttt^, S 
20mA, U^m^^ 450nin, J;!j $ ^ 5mW fitj M LED 0t , ^ 
1:^^$^ 9.1%; 520nra, ?(] $ ^ 3mW fit ^ LED Bf , 

^i&nniim^^^:^yt^w^ , ^fP^ffi:S;W4 inGaN i^;^6ti^ 

^#?f¥ 10-135514 -tl^m^<2^3T7-#€ffi ^fi^W^I^ 
61]W^M6t LED 7n#. S^+Eft ^ Tili^ 'S6<]:t'7t 

^Ktt, STW^iMM SinffT , lil ?& # E l^i M ^ ®l * PI , 

$q , LED Tc ^ W Vf ( jT. ^ [R] ffe Ji ) ^ ±1 ;^ M ii [«] o 

S1#JF¥ 9-298341 '1?Si J^7-ftprM*l^{& Vf ^ -f fi^J'i^ 



^7Gm&^^mMu±m p m^m^i^m . mMm^mmi^^'^ inAicaN 

m^M^7ti>¥^mm^ inAiGaN 4 7G?iB^H wm^fctf 

^ i:x^w-±nm^^\o^iii led tH'^^^ ld tc # * » 

^}gLTiS^M'^-7j ^hBt ( ICNS' '97:$:*, 10^-^ 27-31, 1997, 

P444-446j L>ii^Jpn. J. Appl. Phys. Vol. 36 (1997) pp. L1568-1571, 
Part2, Na. 12A, 1997 12 ^ 1 B ) » 

rT^, -^J^, LED 7n#^ 0 7fel[SMIt6Um^hS^^±flii^M 

^^h, iPitjf¥ 8-97468 i^m4^^;rs^6^ > mnim^mm 

itt GaN /hfiU InGaN 5l5?^^L^&ffl GaN ?^ ^ p ^ fi^ P M g M M * $ij 
f^555MtLtt.tl¥^#fi<]:t5fe7G#-. IP, ft W InGaN, 

nl^, InGaN ^ ^1 ^ ^ PS il> M ^ fa tt $f 6^ M . Um^niH^m 

InGaN M fi^ ^ b^s ft ^ ^ SL M € ^ M e& PI ^ ^ S N IS o H jtk , ti^a-W 

m :t ^ InGaN flj^fi^ p M^MMe^mfttl¥^#7Ii#m^tlW]Bt^tf#^ 

i&mxm.^^x^%'&mmiz^WiiH-^jj^o ^jth. ^ij$p. s led jtwM 

InGaN $ij ^ fit] ® M M 1^ ^ Ht . S 20mV T IE iS] % Ji ( Vf ) ^ tHK PJ 3.4V 

—3.8V, MJaait^SLm;im:^W o 



m^B^^^m, gfc # T 'S 61] ^ fa , ;a M -fe i±i * = m 11 

tB,W«M#a;^:ic^Mi>^^In6t]aft!^*##,S^Ji:i:WS InGaN 

In,Ga,.,N(0<x<l)^^Sf ! ^ - S -ft ¥ # ^ Jl In.Ga,. ,y N(0^ 

y<K y < x)^ , S$?;i GaNo 



# ^ ) niJ^ Tc ^ W fig ^ tl: M ^ S ^ !5l = 

Rr3£# Si. Ge> Sn> S ^ IVj^ VI^ tg ^ , ft $f 3^ ffi Si, Sn, 



M^^W-lt^atJifiSS lOOA IJATo jlb^h, ^^R^M^, mHftm 

^i^ilt^^Mfn^EgftMftti^##liWi¥S^iuS looA yjiT^». 
70A yJlTfcM^f-^, 50A l^T. {ftJji^MJiSWMfi, 

In,Ga,.,N(0<b<K b<a)^$f. 5 ffl - . ± i& ^ 1 # M ft. ^ * ^ # M # 
^ GaN jjiiJSi? o 



# Mg> Zn^ Cd^ Be> Ca^II:^7C^. fti^f€MMg^ Bco 
#*TpM2^M,^fif^^tg*5:^4l|WI;lJiS 

±^^i!§M;^Etl In,Gai.,N (0^a<l) ^ M ^ » T ^ ^ = 

# M fi^ n « E ^ ^ W ^ a m ^ # # # M W p fJ E M :t f§] W W iH-l 

^ It ffi ^ ^ . ± i& n #J E ^ 6<] M - M M tl ¥ ^ ffi K # a 



M&^^s. BiEaTiii^i^. ^^i:imm^ 

±m'^mm^^ In,Ga,.„N (0^a<l)t^;^6tJ^*T»^t^ = 
fi^I^-^MMMftr^i^S'J S GaN'M.^^I^e*!, ffi n M ^ M W S ^ *l l^I fit] 

Al,Ga,.i,N (0^b^l)mi^;3cfi<] P ! liiS 

±3^WMM;^E& In,Ga,.,N (0^a<l) |^ ^ 6<] ^ * T ^ » 



^^h, S^:i^~m5:#Efttl¥##7n#4', ±^#^2VfltI GaN 

Ga,Al,.,N (0<d^l) Bj ^ !^ m mil^ M ± 

m, * p #j 't' 6tj 4 m H ft ifl ^'0 ^n.ii'^^wwBm^m^ p m^m 

^mmm. P M^MW Al,Ga..,N (0^b^l)^;fl^^fi^ P 1P!!I^ 

Mo 

n mm^fkm^^A^^^^ GaN M ± ^ W . H 3^ ft # 3^ 6«J GaN 



GaH M±mm^^tfy Gali m^^i^U'^^^m^m Ga,Ali.,N (0<d 

m S ffa m {fe ^ I j-^ % JE T ^ f# m W $1 fcB Ji) $ . 

*##Ji6tl-^ In tftjf ^tl:±iB^-ftmft^¥#^*llfitI^ In 



^3^6^ P M^JSWISHt^ lX10'Vcm='-5X10'7cinS ft^fttf¥# 
#MWIaa^«^ 5X 10'Vcm'~5X10'Vcm*, M 1. * ^ ^ ^ 6^ fi tfc ± - ft E 

Mo 

Al,Ga,.,N(0<x<l)^;f*^)^6<]M, Iii,Ga,.,N(0<y<l) ^^^^M^ 

jit^h. * :s Bj 6t] 1 -fc It 1 M ft 1^ ^ -t # 7u # ft g<j ^ T ^ ^ . 

•Wmft^*^^7i:#6<JiSfflmB« 

gp, ^^Bjfitjm-bfti^fti^^i^^^Tii^fts^^i-^Mmftti^^i* 

niliJE^^'^W^Mmftti^f'#Me<] ptJEJlE:tf0]:PrW^jlSMe<] 
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±^^mm&^ InaGa,.,N (0^a<l) ^^l ^ fi<J ^ » T W , 

n tJ^-^MMJS AT^J^Mta^: SMJ¥^ 100~ 10000A 6<J^^#^ 

II 



GaN mW^i^Ur m^:^ Ga.Al^.jN (0<d^l) Bf }^ ^ M ± M 
Al,Ga,.,N (0^b<l)|i]^&f] p tJ#-MMSMMm^?^^6<] , tffaiaS^*^ 



fit]-{Piy*W^ n M^M6ti n WSMMBt , -fe $1 ^ 5fe «!r tts . Vf. 

J^W. S*:^0J>t'. S±j* n #ja<JlgMM^ ^^^I^W GaN M±®?^ 

Ga,Ai,_,N {o<d<i)m^!$.^mnm±mmn . mm-^^^A^m^^ caN 

^ w a - $1 :S 7t fel tB = 

p MK^^mM.'n^Mmm, ^^^^^ n ME^fi^^MMMfn p tlE^ 
M |g , 2 11 1^ f£ Vf , r ;t J3i ffl ^ •§■ # ^!l p°n fif) ?E H „ 

13 



m^mmmmn^^ Al,Ga,.,N (0<z<l) InpGa,.,N (0<p<l); ± p 
Al, Ga,., N (0<x<l)|n In, Gaj., N (0^y<l) , 

14 



^■\^m (R^mni^ vf, B#*ii)o 

M^MJiM6<jm'H:ti^^#MWM"iS[. ffi ^ 135 n 1*1 m n m^mmm^ 

S i> - ^ o 

15 



MS^mt^ Al,Gai.,N (0^z<l) m In,Ga,.,N (0<p<l) , pS^MMM^ 
^ Al, Ga,., N (0<x<l) m In,Ga,., (0<y<l), Bf \cl m^n^M ^ !^ 

^ p m^mmmmmm. ^w^:kmm. ^-si\iX7i^m. umm^n^i^ , 
p m0mmmmM^{>^ n m^mmmmmm. jtw^mT- 

W^^^^iwi^if, W^'J^^f#lJA±0f3^ S<l*S0J6<j^m. 

p m0 mmmm m^^m , "JW^sm^, af, $n±;/fie&, m p 
m 2 ^mm^i^^M^^mm 2 m led Ttw^nj^^mmm-, 

■ 16 



mmm, 

m 8 ^mm:^Rmt^^m^m 5 wm«;^¥-^#7c# cled 7n#) 

S9AJi^M:^^5+^^^^&fi±M 305c ^mmm^ ?o m 

MiM.t.m^^M^ ft ^ s ; 

m 9B 5 fmW^&^±M 305c 6ti ;g if # * H 6ti ffi 

m lOB & '^m:^m 5^mm^m^t^m zosh ^mj^m^m^^m^ 
m Ilk M^m:^m 5 ^i^^^^y M zoda^mmm^ pomYt&i}^ 
m iiB & %m:^^ 5 xw m 305c ^mmm^mm^s.^ 

^mtm 1 . . 

a 1 &mm^:kmm^my^M 1 WM4i:t/^##7n# (led 7c#) 

3; fi^^T Si &«] GaN n «g?MM 4; # 3V W GaN ^ 

5, S. InGaN/GaN @fH^^|^14f^61] n«^MMM 6; ^ 

InGaN/GaN ^iTW^I^lt^jtW^MMTi AlGaN/GaN m^s^^^mi^ 
^ P m^mmB 8; S#,%TMgS<jGaN|^^6<]ptJgteM9o 

17 



ntjE^ 30, ■i:xR^ pm^mmm s^q pimMJi 9ffi^^w p^a 

m Qb m^m^^ n.m^mmM ^ nm^mmm 6 ^, 

m) 6a, tiiRiii^jim-m 

6b, gp, n m^mmmmm^'<!fLB^-'Z^m^uw^j.^%. s 

mm-%^m^ww'm 6b 4^ , Si>-#ii6^iJi^ft iooa (^^t. asjs 
70A lUT, *]!tf;^ 50A \>xy , m\>xmmm^w&^^^\^^mm^^y , 

6a In 6^il^tf*f'#. M^iSffiHTCM 

alfi^ In,Ga..,N(0<x<l). M $f - S ;^ x S 0.5 W T 60 In,Ga,.,N, « $f 
■;i X {t« 0. 1 KTeO In,Gai.,No :^ - ® , B - M 4^ ^ ^ # M 6b pJ lil 

|5i » It ^ - M tl ^ ■# # m 6 a - TU M fa ^ # H 7C m W m ft tl ¥ 
##4^^515, ^4'$P*ffl GaN. ,fctg^-K^S#^BH4a$f 6<J^MJi 
Mo Hft, ftif Wm^Ji,^-mfttl*-##M 6a5i^ffl X <iS 0.5 IJiT 
eO In,Ga,.,N, m-Eftti^^^Mab^fflGaNe^J^I-^o 

lOOA t^T, ilt^ 70A^:^T, soAIMT. i^^m-?n 

18 



m=.m^m^^wmmm^m^mmmi^^ iooa l^t, Bf^:xm^nm 

GaN m^mm InCaN M fi<J M » , ^ ^ M « *& il 3£ W ill M M ^ ^ 

InGaN, ^ Ui^^ ^ Qali H , ^^MMGaNE^'faJfi^] 

InGaNM.^fitJ In^^^, rT 1^ t Ir) W M ^ ifi M 51 ^ if ^ , ^ # ^ ¥?f <)t 
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0#Mtt.tf*##ji 8b ^Si>-MMSM^. !^^^2mu±, ^n- 

§ 1 ffi 7c # 6^ Vf . {S PI f K 6<j M f^] „ $n a 1 ^ , S p « ^ M M M 8 ^ 

ffisw p tJ^MM^is Rr^^^Hftmtt.ti*##j^ 8a. ^m:k^^E 
^uitf^^^wm 8b. :^^h. :ss 1 ^, pM^mmm sj^s^^mm 

^, RTiiite GaN GaN M:tfs]6^ AiGaN M^mmm^mmm^'^ 

mtw, SmHftm4fctl*##^ W^^^^J AlGaN. ^ H ft it 4k 
GaN :$i^MM GaNM-f fBl6^ InGaNM4'W Al'W 

rafi^] Al,Gai.,N(0<a<l) , M.U & a 0.5lJlT6^ In.Ga,.,N= S a 6^1 it 
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^tr*##m 8b m:x^i^j^^M^.niti&^^wm sa yfm^nit<^'^ 

8b m-^Mm^mmmti:n = n.ik.m^wi^m sa :^j:6ti=:7c?ifH 

^^ = 7tmrumn.itm^^i^^¥:&^, %^iaw:m caN, net^^^^ 

m 8a ^ffl a -(IS 0; 5 lilTSti Al,Ga..«N, ^KEftt/¥#^^Jt8b^ffiGaN 
Sit-^^, 8a mm^m^ lOOA (iiT, ii^ 

^ 70A ijiT. 50A ^T. mw. nmnui^m^^wm sh mm 
m^m^ looA ^T. mtt^ toa tiT, mis-^ soa wt. 
^^-m^-^m^^-^nitm^^w.mmmw^^ iooa tir, m 

i^mm^^i^uT , m»¥^ o.i m^y^T, at^^ 7ooa 

]iXT, 500A t^T. $ti®a 0.1 ^t*. ^^^MfitifePIKilWli;^ 

6^filn]o ^M^IP^I^ pM^J^Wtf ?ilT. mHftm'ffci^^^^Ji 8a?n 

P i'JSMM i8,*{-^# p M^MMM 8. jik^F, « ^if^fitimft 

41. 

^mm . 

^i:X±^^mtM 1 t - !^ LED jn # ^ ^ij a 7 m 09 , fS a ^ 
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^mm. iF^Mmx^ incaN ^htmmx. nm^^ n m^mmM^^m 

Jlk^h, ^LD7C#4'. Wieffi AlGaN ^^^6timH#aft!il*J^#M 

&{)^fH'&fe$f, tg|^{S^i[4ffi. MJ-tgilSittU . 

m^it, m n mm p m^Mmm^^mMm'nmmmmM. {B*:tBj^ 

r.^uik.m^^wm^^^^ GaN fft, -fti!jTffim-?+mfttf*^#M 
w In e^jfck^m^^-ewiiMif ^mti^, mm^^mm^'^mm. 

^mx, m^mm^^M^'^^&^uit^^^i^m o &:^\-, « inGaN 



it^^^wmt^j^^t^ AiGaN, nm^ui^m^wwrnmi^^^ Gann. 

a ^ ^ GaN M GaN M :t fg] 6^) Al GaN M fi<3 Al fcb ^ # ^ j£ W M M M 

it^Kc^s^/h. mat, Rri^M$i^iSiije<j@6«i3feTjiae p mmm^m^s. 

^mmo 

nm^^, ^m:^m 2 &<jEtt.tf*-^#7c#'t', tarn 4 p;^^, n m 

130 ;S6T^J#M^^6tl: m'il^M 102,4^^^^ GaN M 103, -^W 

nm^^m nm^mm 4, nm^^t^ nmf^-^mmm 105, i^Ai^ 
4m-fta4fc%*f ,106a mn-^mit^^^wm loeb i^mw n 
mM=.0mmB e, m p ho iiiij;id^^MMs!4^MMi*i^fl^ p tj 

mMMl08Sl#^7Mgfitjp{S!!|GaNgMM9M^^^fitl. Jfc^h, S^5£^ 
^26<jaifc^*#'f2i^7n#4'. n mmmB 4 ±Ml^J n ^Wl 12,- 

^ p«e<J GaNgteM 9 ±mi^7 P%^ lie 

^ . S ® 4 , j^^ p « M M M 108, ^ tH T ffl ^ = ft M ft. tl 
108a HftMft tJ¥##Ji 108b ^S^Jl^fi^^aMf^^Fij^ c 

±ffi6<]MS5, .asw^^itin^feais (MgAi^o,) Mwrnmrnm }^ , 

SiC (-g-W 6Hs 4H> 30, Si. ZnO. GaAs. Gan^^^WWM)i o 

^^Rm^ , m f^mnm 102 m^iu, nriujiM GajAi,.,N cm d ^ 
o<d< 1 la a 1*1 ) fij ^ w ^ ft ti * # , a t ^ Ai ^itmu^b, 

M ^ Jtil e$[ # ^ fa , S S *l W ;i ffl GaN $J ^ 6<] 41 a 102 o 

mn>m 102 wm^^ 0,002-0.5 m^^m^^, mmm^^ o.oos- 
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0. 2 ^t^faii - 'EM-m^^ 0.01-0.02 ^^wmfflf^iwu. '^mn^ 
m 102 mmw^±.^umn^ , nvc^^w'^m^^mi^^^n, m.^'m' 

102 ± ^ ife^ 515 &^ M ^ tf ¥ ^ ^ 6tJ ^ 'ft til ^ i'J gfc # . 

Wil^m 102 W ^fe -K: 4 200- 900° C fi^ fa H ft , il # rT 400- 800 

jfc^h, 4i^#..W{S?aT:i^^5l5fitJ^?1'M 102, -tMRTWmJgSitfitl 

^if^mism 2 ^ , ^^#^6<lGaNMl03;^S^i^aS4'^ 

^iin nM^MMi^^WMMo S^^IM'M 102±^-fe3i|t#^^W GaN 
M 103 , GaN M 103 6^ ^ h1 ^ $f Z S |g gfe # ft # # W GaN 

m 103 ±4^ W n iiiSMM 4 ^^^^fi^J GaN ^ 103 6^1 Jiff 

mft 0.01 ^ii*iu±, sisfi^^ft 0.5 it*Ki±, Hjf -^;ift 1 ^^yji 

fattT^-l^o Itk^h, GaN a 103 fi<jMJ¥fi^l±PIt^W#g'JWll^h 

MI^MM^I^^S 3xio'VcmH:A±, sxio'Vcra^ i^±c ate 

#3^7^S^ n S^MfitliM^f^ n tJ^MMBt , I^I^fS Vf ^i^ii. 

4 ft n m^kM^wmi^, ^H^tt aiEf caN m 103 ±.j^m. 

* :g ^ ^ n flij g M M 4 6<] n M 1^ M ;t W ± fl # W # ^ij fiti PS iiJ , — 
IS#MI*^ft SXio^Vcm^ IJiT, y M{SiiE^*j{^^ ai¥6tlgMM?&tgB^M 

nffJg|!feM46<]^^J'pri^fi In,AlfGa..,.f N (O^e, O^f, e+f^l) 

{t0.2WTW Al/Ga..f W , Rgm^l*^#^0^H^P^mi> WEitt/ 

0T liiSft 0. 1-20 it*-;tfBi , SiiW^ 0.5-10 iS[^ , 
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it^\-, ^^BWB^^^ n mm-^mmm 105 m^tk^KffWJt^. 
n m^-^mmm 105 kimj?^ 2 it^i^AT, -^^ 1.5 

it T:t^mtbMtg^A^^«= ilfciJ'F. j?vf 6<] T H ^ # SiJ PS *J » M$n. 
0. 05 = 

t^/^ n m^-^mmM 105 m^mmm^ . ^mm^j^i^ni^^ 
^wwm iQ5a$i^mntM4-^nit'^^^wm losb wji^ .-iss iooa 

IMT, lES^-Sft 70A yAT. ft^S 10~40A ^^mp^ 0 S tk lOOA S 

mm^^^&^±f/iii^^ ' 4 loA w ± = 

ii\±m^, a n ij^-^MiiM 105 ^^^'^mmum^^mmB-^ 

GaN M 103 ^fl n HmSMM 4 J^^^fa^^PS, E M ftg gfc # S 3^ ft ^ M E 

m±^^m^^ n ffj^-^MMM 106 w^^bI^o ^m^^^ 

UT- HEMT = _ • 
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Al, Ga^., N (0<g^l) o ^-IjW, ^^tgl^h Wm-Hlt/^ 

105b s.^^%mmmbtM.ik.m^^w losa 

{B Alh Ga,.K N (0^h<l, g>h) , Irij Ga,.j N (0^ j<l) jiP # 6<J 

1^0114. ^4" , #^m^S6^^Ettgi^6<jmft#f ¥.-^# 105a ^pg± 

In 6^3 Al, Ga,., N (0<g<l) , ffi # ?i 6^ ^ ^ S ^> 6t] ^ #1 ¥ 
f'ft 105b ^m±^^^ Al W Inj Ga,_j N (0^ j<l) . ^ ff" , :^ T ^ ^ 

0. 3 W Al, Gai_, N (0<g^3) GaN ^^S.^ o 

if^M^nm^m^^ji'm^ , m 'j:^^ m \h ^ mmt it^ m m ^ m ^ 
mmt^:k^mitf^^^Wo fjjm^w.mt±^n,itm'=^ww, fc^ ai 
^ m it^ ^ n.it!^ ^ ^ w , liiti, steAi6^iMfHi;i:«&^jmn:^4^## 

^^KM fi<J«-Mm^tl*##M (105a, 105b) A1 fl<J ?g tk 4| 

^^%um^mm.T^m^^^, ^^"^{^m^Tti^^mm^^E.. led 

Tcftt 6<i vf (iE;^i^%Jl)<. 

Hia-^, ftfi^^nftl^-^MIiH i05W=^gttg*::^6<jmftit[^ 
105a 105b n m.^.^m^ 

{£ 4I1?0 Vf o 

^^mttM.X^%VC^'^^Wm 105a n M,%M»3^#^6tttyt 
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lX10'Vcm=»~5X10'Vcra^ fitllaaft . ^ i> T 1 X 10' Vcni=» W . ^ It |g 

$n^^^ lxlo^Vcm^ nmM^nTii^nMmmm^mm^ o ^-^m, 

^mm^^^mt^^wwrnj^^ .m^r^i^m^mtE ixio'Vcm^ 
n m^m'pjm^mmM'Pt^vjB m. viEmytM^^ si. ce. se^ 

0.^, M^M^ Si> Ge. S i^^ nM^Mo ^^ffl-^^^^fgfti^W 
# # M 105b f ^ M *B ^ . 

js^, ^niA n m%-^mmM io5 6^mft.ti^-^#M losa, losb ^ , 

m^'^UT, AlGaN 4'#^7 Si. ^ffi^.i^^3^Jf}4, 

dTi:x^=?^m\i^Lmi^^ oaN m^m^^. s oaN ^fa^, 
^^'f^^^j^, ^ UT-^ ^'^^j^.mmmit^^^^^o mat, 

GaN ^^W^^m, S^!i^±^^T %TW3i^^o 1*1 ^ - % 

'^^^mmRM^ AiGaN ^^'t^Km^^T Mm&m n M^Mn , 
gp, i^^T^^ GaN ^.ii^, m^m^j>itn^^^ 

AlGaN f W n 3V M 6U 1^ T (S^T) rUt 7 . RT , ^ MGaN 

m&if ^&]mmn^i¥^p^ . Si rt5[, ^!Mi*-^iiift7 

##S^6^ GaN M = 
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t5fe', n mM-^mmm 105 ^mt^^^i^^j^j^^ut^ 
m^^^m, -^u^mw^i^j^, mm^i^m^ caN, caN n is 
m-^mmm 105 w, -jtm^s^ cau mitE.7nm^si:imi&&^m^^^ 

GaN ^4l^6<jmibtl*##M 105a. n S ^ M fiti ^ ^ ^ M ii M 
105a K^nm GaN ^ ^ fltl M fll * # # M 105b M ^ M ^ W ^ M . Jlt 
Bt, Smiktl^^^Ji 105a, 105b ^TfelP-ftJttPRT 

m 105 ffi lilo 

n S3^M&^^i!?J^St^ 1 X lO'Vcm'- 1 X 10^7cni\ mU^^ IX 

lO'Vcm'- 1 X lO'Vcm' , ft 0 ;i 3 X lO'Vcra'- 7 X 10'Vcm\ ift . 

^Bj'^', n mm-^mmm 105 s^j^^mj?, m^^ 

1000~ 4000A, mm^& 2000~ 3000A„ Jtk^h. t^^^MM^M W^ji-fe 
tSW#SiJPI^. -MSiooA lilT. 200A lUT, M*f-^^*jS 

lOOA WTo ^^'h, I^^^Ji]i#MS<]flIi¥fi<JTPgm^S^#5iJPI^. -M 

m 0 w ^ sitt 4 , ?f J. Ji :S 7t tB c 

^^MimmmBimf^^ n m^-^mmm 105, -^^ixmw n inssMM^ 

ffio itbBt, ntJm-^M^M 105 WMJ?^ 0.5-4^^1^, S*J6<jJi 1-3 
m*. lE^f—^;^ 2-2.8 J&B^ &!] n M^-i^MJlM^lOS fltl^Jf pT 

ifc^'h, iti:W-|£ii=R nfJ^-^MMM 105 6<]^jSMWi¥^^lU;^±aimB 

m^m n 105 M±sEMJ¥mBirt ^mmmw^^im. 
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^ 130 4^^*^ In ^%~%iksi^^^Wm 106a, Sl^^^m-®4btl 

^^wm 106a y[-nm%~%^m^^wm loeb m&i^^m n wm-^ 
106, n mn-^mmm io% s^sij^Mii>-M i^ji± w^-m^t/ 

^ n«^-^MJtM io6^i=w«iM 107 B^g^, ^^nmrn i mm 
#ji 106a, 106b, n tjm- ^MJiM loe 

^^%mU^ 2 ^ , Sn|!!imi:^aJiMl06t.±i^m-mfttl 

106a 106b ^m^{>-'ffmmmmmm 

looA, H$f-S5iM#^iwJ¥jgfi5^>^ looA,. 

^ 70A. 50Ao n 

M M 106 Ife ^ 7 h1 ^ 1^ , t: 6^ ^ 1 m » . i^Jl ^ iJ * lii $ . 

ate±^ni[im-^MMMl05^ ni!lBi:#aMMl06^ 

nm^B. (vf)„ Ti^t^m wssa*?:!^, mprtg;^^ ntjm-^Mii 

In,Ga,.,N (0<k<l), 5 $f — ^ ;^ k -ft 4^ ^ 0. 5 W In^Ga,.,N, ft $f ;i k {6 /h 
T 0.2 6<] In,Ga,.,No ^-If'M, ^ - f t M tt. tl 4^ M R 5 ;i ^ - ft 

s n m^-^mmB loe ^, m^ftmikti^f'^ii loeb mmm& 
in.Ga,.„N (o^m<i, m<k) , :kj'^^i^±w^^B^u^0m^mmm. 
M^mm GaNo Sitb, *»a^^i^^^-f+m4t!^4^##M^ffi k^i/h 

^ 0.5 6<] In,Ga,.,N. ^ " E tt. tl # # # ^ 3^ ffi GaN o 
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^^i&^M^^-m^m', ^M-^nnm^wi^m loea mm=.^n.it^^ 

f^^^^^m 106b ( 106a) 

^ 106a Cm-ftMikt/^^^M 106b) wmffs^H^iwio 

^'JJP, 106a ffi InGaN, ^ - f t E tti tl ¥ ^ 

M 106b ffl GaN W. -ffi GaNM-^ GaN M ^ fe] fit) InGaN M fiti M i? ^ * ffi W 

i:}.^Ws±mm!^^Mmmm^it^i^0 bp , « ^ ± ^ ^# ^ 
106b ^m{>-^^mm7tm^}&^-^^:x^^i5:&in-nuitm^^i^m 

106a ^^-#E4k,tl¥#<*E 106b 6^IWI#a«]m^7C«W^5>^|slo 3^ 

fc***, 106a fnm-ftM4bt/*##^ 106b 

^MMSiM^m.^^'MmM^mur . -^Mn~^nvcm^^wm loeb 

106a) W^-^taifc®*^#m 106a ( B - f-j> 
«L^ti¥^#M 106b") WmS^7C^W^^5^^|W!o 

Wm 106a ffl InGaN, ^H^t M ft tl^^^Bl 106b ffl GaN W 'ft T . 'ffi GaN 

M-^ GaNM:tl0]6tf InGaN infi^^^^^gifiWiliMMii^rlSia, ^ 

n m^mmm loe fi^j^^^airiiJi^w^iiMiiJF, {ift^f^ig*^^ 

itb^F, S n tJ ^MMM 106 + , m-ftmftitl^-i'^m 106a gi^z: 
ftEft^¥##^ 106b Bri^M#litl5;t^^#^6tl, -fenrtiJiMft^^.^ 
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Uiti^^^Wm 106b 4'6<lftfRr-#4"^M#,4V nM^M, MJn^m^^ 

1^ n m^M^mm^ytm^Nm-^ mm^^ si. Ge> sn. s 

%, ft^J^ffi Si. S-nSM?t7C^. 

jib^h. S^-^tmftti¥^#Jt 106a |n/iKm-#M^ti^^#M 
106b ^^^iVa^MS^Jtt^JtT. -|g*Me<J^^lSlE 5X10='7ciD^ lilT, 
U:^ IXlO^Vcm^" IJiT. $nm^S;^^ 5X10='Vcm^ ^ ifc i^f^ ^ # M 6<I ^ 

Sa-^, ft nS^MMM 106 4>, m-fnmn^M'fcti^-fftS 
100A,":^»-^^/jNf^ 70A, 50Ac ^ ^ ?i 

lOOA, 

tt^K^. itb^h, *^MftMJ¥iP^>^ 70A, ^iji n m^m^^m'^m e 

a $f 6<] ^ ^ ^ S ^ 0 

^m^Wi^m^., In,Gai.,N(0<a<l)J^^ , # ^ ^ M n M p 

M= $PlftW^M 7 "l^t.^ n MI^M, ^i^^P.mmi\:, ^fi]^7t?SS 
tb ^ fa] ^ Tfe 0^ ^# {t II S f£ o.SeV 6^ - « # ^ , ^{K^m'^M^J^- 
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Mffi^M^. sfMfitjMiijs/jNT looA, -^n-m^'h 

70A, 5oAo 4*:g:Bg'^'. ^mmw^~^w'&'^^u^% 

a iooA,,fcm)«JISlr!±5 To 

^-^ffi. ^^MWiiSJ5£/h^ 2000A, S^f-iSJS/h^ 500A, « 

Mii^M!iJl±. ftif^ .lOA S^^MSJ:3Smai^Bt , HSiitii 

LED 7u##ffia6^^^:tl^e<]ll^. Rr!iiT)i1?^4M^P»MWMi 

108a ^^rit^lfck'g/h WSEgfta4fc^¥##a 108b MS^* 
^^-ft p M^MI«5J^^IW|^^!WIS«J ptJ^apSMM I08o 
^M. ^■^•^m^^, ■fepTlil^i'^pM^MW AUGa,.bN (O^b^l) ft^ 

Tffi. t5feij&aj p »JSMM;ftW^M^^1^ W p ill 

^mmm^m los s^itt 

i£fmpii^MJiismMio8 6<]^MEM6timH#m'ttiti*##ii losa 

mm 0 ¥##JI 108b lOoA,. 

70A, ftS^Jt^h^ 10~40A. mH#mittl¥##^ lOSa^mrait^^ 

108b Mffg^ i^ts iw] , tii^iii^iwio '^^mB^m^^^m 

T . ^ S J? M ± ^ -fe la * W If ffi , 4 ^ ^ ^ fs -ffi » W m It tl ^ 
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M w f» » T > mmn^ V Mm.'M'fmi^i^', * e * , a ^ tc # eti 

2000A, lOOOA, S$f;i/hiF 500A0 S-^MJ?^±3im 

ft$f j^ffi Ai„Ga,.„N(o<n^i)4-Kfe*6^: Mm^nitm^^wm ion 

ft^Jiffl AlpGa,.pN(0<p<K n>p)> In,Ga,.,N ( 0=^r^ 1) 3P # e<J " 7C ?i e^a ^ 

gfc^^Bltt. iti£EfePI^> ?f^S@^P$fS Vfo 

p m^mmmmm lo^ ^^mmM^m^n%itm^^wm losasi 
mrai+m^ti^^^ji losb ^ pm^mmm^T-mt^, -^mm^^^^^ 

|5te^S:^«]mH#m«it/*##ii 108a 6t) pS^M&^J^f^JS:*:*. 
§ii^«^hKmEftmittJ¥##^ 108b W pMI^M6^m^iS/h®, 
^#3^, 3i#fctgt iIffl*J£> vf#P${So jik^h, iii pJ lil ^ Jtk ffi S o BP ; 
=^gttgfi;^fi^mHftMfttJ-^##)K 108a 6<] pS,^M&^?^-^d^*. 

iS]mH#mftt/¥-f#m io8a#^6tjaii#3^»Brffi ixicvcm^- 

IXlO^Vcm^ StlfSB 1^1? , m^^^ lX10'Vcm^~5X10^-''/cm\ $n ^ 
^ lX10'Vcm^ gc#%^ 0ltEik4^^^#Ji 108b 

tii w«liiat#ic-i1l^^;t;^MJiBKi lxlo^'/cm^ 

. ^-^ffi, mHftm4fcti^^i$ji 108b e^j p 

^Kmtb^H^+m^-ki^^t^lI lO8a0<J/!>g, -^#aSi>i!> 1/10 !Ji±. 

ft ^ # 1^ . 3^ St^#^^^^ti^fl^MM, {i^is^i^jfif. pI^ 

,^jg^^^Hlt®^ttI##^$r«S:a^,32#W^3^M#ll^lXl 0"/cm' 
m^Ji^^, M^^^iE*^hS<]^raft«i-h^^¥^#^ 108b t^.%6<i p 
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p Mp.m-pj^jmMmm^&}iums iib^tg^, ug. zn. ca. 
^n^Mmm^M^m^. -mi^^hr 2000A, ^n-m^^b 

=f lOOOA, 500~10'0Ao 3Mi¥:ffi±i^faart B^, mU^!^ 

TfeiitB, l^fRVfo p«#-MMaMM6<]^:$)-;i Al,Gai.,N (O^b^l). 

fattfi^^^g^-^, {s^jia:^±i& n mm-^Mmm 105 

p m^mm&M^ p .s^Ma<j^^^;gRr& ixio'Vcm^-ixio^'/cm^ 6ti 

mart, l^&dj^^E 5X 10'Vcm^~5X 10"/cm^ fIBI , ft ^ S 5X 
lO-'/cm^-lXlO^Vcm^ ?Ea rt o ]to ^ IV M 0<J jg « ± la S ft , rT M ^ 

^^^iSf In, Al ^ tlM ^ Uit^ ^ ^ W 0 ts^^^M&mU 

T-^win, Ai, MT-mmn^ p^m u&j^iif^mm^m. ^^fe^^fa 

To p tJSteMfi^MJiiS^ff 0.001-0.5 SjifitJji 0.01-0.3 It*, 

ft^;^ 0.05- 0.2 'It*,- mM^h=F 0.001 ^ * . $11 H ;i pM GaAIN S ^ 

7U M H^H Stf GaAlN SlM±Mfi^^T[WI6^-7GM16<jGaNg^MM, 

S M Jfl t ^ T 0.5 It * , ic m ^ ^ ft p tJ GaN ® M M 9 1='/*= 

M GaN ^IkM 9 ^ p SIVM^ Mg, f£m#^5Kf# p M#tt. MJ.ifem 
^B?Kf#S^^M= Mg d^m^lK^ 1 X lO'Vcm^- 1 X 10^'/cm^ S i® 
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&^ 5X10'Vcm^~3X10^Vcm^ ^5^, ft » ;i IXlO^Vcm^ £ o ^ Mg 
Ifch^h, n^tS 12?n pEfe^ ii^S^gij^i niJ^MM 4±^n#|^ MgSti 
^. M$nn%^12Rr'^M W/Al, p 4m 11 nT'^ffl Ni/Au ^ ^ . 

^JS:^^ 3 

T M , # M S 5 m ;g BJ ^ ^ M ;^ * 3, 

A^^^^Mj^^m^r 1 ±Mjtmii^m 202 -isjiJcj^^^ - nim-ffc 

203, m - nfflm^tl*^^*^ 204, ni5!m^fct?*## 

M 7, p mmitm los, lus ? mmMB 20s. :^:^^mif^ 

34", « pW^MM 208 W±MJ^^7ii^tt p %t 10, i^p^m^- 

12 = ' 

tarn 5 bt^^, ^^muM 3fi<imftti*##:t:)t7£#4', ^mnm 

202, ^- n 203, n ffiM ft tl * ■i' ft M 204,^^ 

H n tJEft 205 7 n iJlx ^ 230j i p tj S M M 1 08 p 

«^Mg 208 7 n MK^ 240 0 

3 41 , p m^mm 208 * w*^:«'-g-'^^Biii 

fi^jB-ltmfttf^f'ftii 208a fB^-Wmfttl¥^#Jl 208b ^^Mfi 

^ftl 208a 6^#tiEi^^W Ino 3^ # , ^ p « ^ |4 M 208 ± M M ^ M 
fttJ^#ftM4, 5iI>M-#mft^^#^#M 208a;^^W In fitJ, M J.- , 
4 ^m-|nm-l+Mfttl¥##a 208a, 208b 

1^, ^iUHg?^^^Pi®i>e<j, ^Bittfeiiffi^] p«gMM 208 o Silk, ^ 

^:X'i^^^^&m^n^^^^^m InOaN^MMffitk, e±i6^^J^^6<] p 
tJ ^ M 208. ^: :t e<] * PI <i f£ , WR^ p^U lO^W^MmM^ff , 

^ ii='^;r^a^^-ftmftt/¥##M 208afn^-?tmifcti^^ftii 208b 
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m 1 





208a 


m-^n.it^^wwm 208b 


1 


In.Ga, ,N 


GaN 


2 


In,Ga,.,N 


IriyGai.yN (x>y) 


3 


In.Ga,.,N 


Al,Ga,.yN (0<z<l) 



208a, m I In,Ga,.,N U^^^ x<O.5^0, H^-^^^^^^J x<0.4, 

x<0.3» 

MM .^U-^^A-^f o.iW^, 500A, 200A0 

lOOA IMT. Sif-*^;^70AIJAT. ff$f-^^50A!iAT, 
10~40A 6^ il [*I o 

p 208 208a ?nm-#mtt.tl 

208b.6^Mff:tB^ liiS^SS lOOA WT. 
208b 6ti^MJ¥J^Sd>«-MJI^l W±» SJiMJ^S ioAiii±, 

Ith^h. ^E*^9J^, ^-ftE4ttl^###M 208a fPm-|tmtttl# 

# #M 208b fit! S i> - It M + ^ ?i in Mg 2:1^ 6^ p M 3^ M . lii 1$ p fJ g M 

M 208 S^#±M^#%'&t^o ^^h, Sm-ftafttJ^^^m 208a?n 

208b tP^3^ pM^MBt. SiJf'K-ftm 

S#,^m-#afttl#-^f*5l 208a^Pm -ftM'H^ltl^^^M 208b 

208a. 2osh ms:Mmj^^M^B^^^m^^w±^mWi 



36 



jft. 3 muit^^^WTti^^'f- p mmmM 208 ^m'if7± 

^ p m^^&Smm^ lX10"/cm^~5X10^7cm\ ITo ^ - ?t M 'H: 1^ * ^ # 
M4'#^ pM^MW^Sil^^ 5X 10"'/■cm'~5X10"/cm^ M -i. # M ^ 1^ P 

p m^m^M^f- 5Xlo^'/cm^ ij^pift^ns, m 

j.m)«^t#fe$f6^s^^^M=$pmi!>^ 5 X lo'Vcm' wij ^mnw]%^^m 

m losa mn=.^uitm^wwm 208b ^ e<iftiRi-M]i^asft±M,. 

^^^^^t In 6<]^-ftm4ttl^##M 208a # ft ± M , « ^ - E 
4btl^#^Ji 208a W±® J^J^ P ^.fiJ = Et^i^/h p tJ^MM 

208 -^ p*m:tfa]W^i{i^M%PI. • 

BP. ^-nnHm^^Wm 208a -^W In Wf5>ilK#^W;*C* In fit) 

208b ffitk. =^ ^ , SM^&t 

P W^M^^^T^ Wlgl7K¥-^m-?tElktl*#ftm 208a 
6^ ifr ^ ^ ± ^ W * 7jc ¥ 6^ ^ <iS ^J^ , /A M M ^J^ Efc ^ S M * PI = 

M#M;PcWS Al,GaT.xN(0<x<l)t^^ 6<] HM , 6 InyGa,.yN(0<y<l)^^ 

W-lcX^n^^m^m^ lOOA lUT^^f . 70A lilT, ff$f- 

^;5 50Al^T, ft^JilO~40AWmHF^.{tl!]^^e3^ftpaSMB?^ 

^m^^^^m, mmm^^i^ vmm&M^^u^o ^^\-, p§jsmm los 
mmwmMU^.\ooA]^x±, i'^^oxt sooa im±. 

^ 3 . pM^MM 208 4'. 
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Wm 208a 208b :tfH] J^mm^^;gM 208c, K 

^u^^mi^M 3 mmo jtta, ^is^^#;gH 208c, Ajts^^^-ft 

m^tf^^^M 208a 6<Ifig^[R]m-?tm^^¥##^ 208b fifj^^^hftik 

4ki^^##^ 208a ^J^.-^^ In,Ga,.,N, ^ M^it^ ^ ^ W M 208b W 
GaN Wtf^ilT- ^^^SM 208c fiti ^ $n S 6B ^ . ^^m- 

Itm^fcti^^^Ji 208a ffigfiUM, ?&«J¥S:^[S], m^m-^Uit^'^ 

^i^m 208b *@®euM, In fit^^tbi^ij (x) ;i^?sf o ^a, S:^ 

^M:^^4t,.RS^J^:«'^SM 208cW^^ttfiJJS3g^lrMd^Wm^JW, 

^Eittl*##Bi 208a ^m-ltaittl#^#M 208b W ^ 1^ E ± M ^ 
^?f^^;^gtM^^^-fcW,«EM4^B^.tgSm-f1'«l^tl*##M 208a 

^^-^%^!^^^Wm 208b W:a-#E^K(±#S7nmfi^iitff. KiihT 

208a?P^-^-aftt/*##M 208b, 

208a 6^^^ In,Ga,.,N, ^ - ft M 

208b W^^^ GaN 6^ ± B - f t E ft tl ^ 

208a mm=:.nn.it^^^wm lo^hzm ^ inmi^^ , ti^m^ 
Tffi. 8 4^e<]®ifs»:»TMiij£Bj*:tB§^M:;^m5e<jmftti 

^ -t 1$ TU # . 

1 ±^<!^MS7 IJi-T^MM: 102, GaN M 103, 

t n^^j^^^mm A, *#*^WTM 305a, #1^7 nm^j^m^n 

m 305bm^^»^W±M 305c itHMB^^lfiSc W niUm-^MMM 305, 
Sm-#mfttl¥##M 306a -ftmfti^^^^*^ 306b t^lfiK fit .n 

{lymzi^gMM 306, ^t'fm^^m^mm 7, ^^^mmm^nvc.^ 

^^wmmi^^ V m^mmmmm lo^ m v m^mmmM.m los, 

# ^ Mg 6^ p iJ GaN to g 9o 35 W , ffi n ifl ^ M M 4 ± ^ p « GaN 
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:&^m^m 5 &]n.iti^^^W7ti^^ , ^mwm 102, A^m^^ gen 
M 103, t nmp.^^mmm 4, nmn-^mmm 305, i:xr nmm=. 
^mmm soei^jj^j ntjg^ 330, s vmm^m 108. wist pM gen^ 

M^9^^j^TpiP!m^ 340 o 

^ ^m^M^^.. j£W^fH^(MgAl204)fP#6t]^^^ttS>t , liiS SiC(-^ 
6H. 4H. 3C). Si> ZnO, GaAs . . GaN ^ ^ ^ # S >i- . 

5 fl^", 102 Rn$ffi Ga, Al,., N ({H 0<d^l) $ij 

f^^nit^^fw, mm^& M . ^ ig m ^ ® # ^ is , 

H»-^J^ffl GaN ^ij^ W^IJ^M 102o 

mn'M. 102 &?]MJ¥-is^^ 0.002- 0.5 mm^A 0.005-0.2 

0,01-0.02 1t^1^W?afflrt o S^v^M 102 fi^MffS 
±3*mffl F*il Bt . m^-tt)*^l*6<J^BlJ^^ fe$f . 102 ±±^W 

M^tM 102 Kl4-1^?§L^>^ 200~90(f C, Siifi^Ji^ 400-800*..C 

^^^i^i^^^^s, n^m^m'^B 102 ±^^^mKi^'^^^i^M'M 

K^. ^^-^mijm 5 4', GaNM 103;^ft4^Wjili^ 

^?^JP n ^S)^ M 102 ±^fe-i£##2^e<] GaN 

^ 103 B^. ^^^3^6<1 GaN M 103 6<] ^ «^ , GaN ^ 103 

±±-^^ nmmmm 4 ^w^grafttfem^^o w caN m 103 w mi? 

-^;^0.0im^teiM±,a^«WJi0.5m^Ul±.H»-S:^im*!^± = 

^4^S*= GaN M 103 Wmj¥W±PS?SW#Sij6tlSlS. 

S 5 4- , ^ n n M^MJl 4 n 

Mfi^r^S-IS^tf 3X lO'Vcm' ^:J.±, a^ia^J^i 5X lO'Vcm^ ± . ^^E» 
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n iJ^MM 4 KJJ^:^^ rT i In. Alf Ga,.,.j N (O^es 0^f^ e+f^l) |^ 

^, umm^A GaN^ f <as o.2 m, 

m^mw-B.Rm^M^m^, ism^m]^^ n^^^mm, -15^1-20 
a Bt , % PI fi. . mE.mm:&yt7ti^^ vf ^m^o 

^d:, ^:^mm^^ 5 n mn-0mmm 305 j^4Mi:> = MJi 
M^=^^6^:>y.«itff$&.##3^fitiTM 305a, nm^mm'^mB sosb, 

W±M 305CO 

n mm-^mmm 305 a^^g#-3i-MBtpjtg^ir 

-^MMM 305 Bt. f^^--t^#. lfcW7#=f fg^^Hi^TC 
#S>JS^S:5tiiitlilPiir»%ffiii^Mf1"l4M. ^!^±, ft*^(JfiJ 

;i » S 14 i 6^ ^ M ^ o 

Jtk^h. ntJ^-^MM^ 305 ±^71-±^TM305a~±M 305c 

^h, piij^iwjS'js^MMo- MJi.. n m^-^mmm 305 gEww^w^!^^ 

I^J^TM 305a~±M 305c fitimtt.tl^^^^orii^l^^S'fc^j^In.AlH 
Ga,.,.H N (0<g<K 0^h<I 

* GaN^t^mWo itk^^'h. ^-^MJIM 305 6<]#M6<]^:J^BK^I^i+Sl^. 
n tJ^-^MMM 305 Kjmi^M^^WItS'iWPS^- M-^^ 175- 
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12000A, mm^^ lOOO-iooooA, MM^ 2000~ 6000Ao n-^MBM 

«ki)fi?TM 305a> ^mm 305h m±m so5c ^M^mm, 

m m 305 &^ ^ ii ft ± ^ 11 c 

Jtfc^'h ft*^M;^*5 + . n iiJg-^MiiM 305 6<JTM 305a. 

4^faIM 305b fP±M 305c ^ M W M IP M S W# 50 fi^ H $!l , , 2|s: ^ 

( 1) am 1- 

^iJf^TTM 5a MJ?^ 3000A, ^fBim Shmmy^ 350A, M±M 5c 
LED )(^#|t7C# It Jiff) 6tJiE;^lR] ^ 

(2) 2 

$iJf^7TM 5a Ji;?^ 3000A, ±M 5c|iJ?^ 50A, M '^f' ! b] M 5 b ft?! 

mmmm^itm LED7c#, M^nyti^ c^^mm^ e<jE:^[^%ffi, s 

7t i) tB ^ n % ffi 6^ # a 7 »J ^ . 

(3) im 3 

m^j'^mm 5b ^ff:^ 350A, ±m 5cm»^ soa, mtm san 

Jfji^^ftfi^] LED7C#, M^^Tzn- (^ItJi^) WiE:^[n]ifeJE, 

»\^m^ ^^^m iiAmm iiB ^ , 

^:^ixi^m^pjjmf?^^^ LED7c#, 1^7 nmrn-^mmmt^^ 

^Iil±6^-Sm^m5t5*, #^^WTM SaWMff:^ 100~ 10000A, 
mm^^ 500~ 8000A, m^M: 1000~ 5000A, iU M llA-^S llB^f^. 
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10000 A Pft jfi , wfnm±^; ^-;^s, m^mj9-^um, vfi^Ti^. 

W^l n MS^MK) 4" I'iJM 305b 50~ 1000A, Sil6<Jii 

100~ 500A, 150~400Ao ^H^^W^l ^^t^^nm 305b it 

:k:kni^'^%m^ ^ ^M. ioa4^S^7. ^\^^^^mm 305b fi5 
^ « SiJ 25A 2E ^ W . :S: it ^ iti ife {J5 W T , '^&m%^nm 305b 
e<]^ii:gp«ft 50 A Bt. %^iIij:^i£m^^HjT|5|, ft ^ ^ M W M J¥ 
atf TJIU W^Sfeo jtb^h, $pffl lOA ff^, SiiffSa 1000 A Bt, 
ii {±3^:^i[iS%TPI» $ns iob ff^, 

'^^nm 305b fi^jMJimffBt, if#*ii#i4^ff, Ffuaii^/>^ so a 

305c 6<]Jij¥-M^^ 25~ 1000A, SI*I6^Ji 25~500A, 

25~i5oA, i^###^M±M 305c ^m-^mm^ H^mmm 

gp-^'&ftgia. >!^l?^±^tJi%'^^^fi:^, a±M 305c 

25A0!f , mm^it'n^iM^mn 0 , 9P^m 9^^^. 305c 
wmff^a loooABt, vm±.fc, mmm^B^'&.^-vn^ 

tWiim^, 305a~±M 305c ^MB^jMI^^^ ^aSSlJ^Mm 

^nip] W7C#6<]#tt®?^S^, Mffl-i^. ^Sifem^TM 305a, 
m 305b ^P±M 305c, )!#^MMffM^4±3SmHrt, IgitTC^W^ft 

^fmm^^^'^mm^i^^ , led 7c<^e<j?^>K^^#i+^#a^f 
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m!^±m^mmmm^m^}^^^^:x'^i:iy^m^^m6^: in, ai, 

Ga,...h N (0^g<K 0^h<I ), W^^JhRTlM+SIWl , Ife rT fei /F 1^ , S2® 

fi<J;S In gl Al tb^J/hS, GaN l^^fi^jM^o ' 

±^^B-^MiiM 305 Kl#^7 nS^MWft'fBJM 305b ^ uM^M 

SXlO'Vcm^ lU±c >!it n M ^ M 6^ ± PI & S W # 6tJ IE S , {H^lil 

n WrVB S^ISJVIB :^7Ut4'fi«J Si. Ge. Se. S. 

0#, S^, W;^jt#Si. Ge^ Sf^^^nM^M. 

itb^F, ^£±^m-^MJtM 305 60#M±, « ^i&5l#M^7G#6tI 

5 4', n tJfitlB-^MiiM 306 Jii-^ In M 
-nn^itm^WWm 306a, |n^^-^B-^m4btl*##m 306a 

i^f^-^m^m^ww'm zoQh m^mj^.^^ mm ^ ±^m-#Mtt.ti* 

f'ftm 306a i:XRn-^Uit^^^Wm 306b , M d> W - It W M li . ' 
*]!tf ;£M#iifitjMJ¥, 100 A WT, 70A l^T, « 

jf^ffi 50A ^iXTo ATmmjmj^. ^mmm^^jm^u^^is^, 0m 
m-#mtt.tj¥^#M 306a mm^^uit^^^wm 306b "t", m 

^W-ft^WJiff^ lOOAlilTB^, -^EMfi^ff W 
T, mm^ik^^B, « •&±MMSle*M^-ftgl^tJ¥##M 306a ^ 
306b B^*?^M^ 

Jfc^h. m-#k'fttl#^#Jt 306a m^^^Uit^^WWm 306b 

6<J0ff , 100 A !MT. Mtt.tl¥###-?4-MfilJj¥SES#- 

ttl|fi#^J¥l^iT,^4■^^^j¥^&^nf^,^:iilm-#mibt^*##m 306a 

in m - # m ifc ^ •i' # ^ 306b 6tl - ft 4 100 A !il T W tf ffi tb , 
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^^^mijM 5 ^ , S n iJ E :^ 330 4^ , ^ IE !ii ± ^^f W n fj ^ - 
^MJiM 305 IP ±^ ntJm-^S^M 306 ^'^S--^Bt, WSili^iS: 

mmm 306 ±^^^^mM^^^sn^i^^m. 
M-nuit^^wwrn 306b 4^s/!>-?+fi<iM^. RriiA^^^fi^B-^t 

306a aKB 306b Jl Ji [W] , -tfcRriii 

306a mm-^^uitm^^wm 306b i^^^m 
mmn, ^-#mifct/¥##M 306b(^-^m^ti¥##M 306a)-^^ 
^-^^m-^uitm^wwrn soea 306b) e^jii 

Mta. ^-^tEflitl^^^Ji 306a InGaN, ^ - E ft ¥ # ^ 
M 306b GaN St , S GaN M # GaN M 21 fS] &^ InGaN M fi^ M ^ , ^ * g 

ifiWM^M^gif JnJ¥, M MS ^ Po^ ± ^ I* $ ^ if 

6^m-#«fttl^#^M (^-#mftt;*^ft^ 106b) 6<]Iim7G^6tl 
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InGaN, ^ - ?t M it * # E ffi GaN fit) if E T , -^GaNM-^GaN 

^iJiP , idnS 8 ^;t^. ±3£ n Wm-^MEM 306 7 W 

W^6<J n tJ^-^M^M 306. « n iS!im-^JiEM 306 , 
* , ^ i 4 M W ± o 

s n {nym-^M^M 306 m^'^mm±j^i$.n , ^"^mm^M^m 
mmm see a^^a s ntj^-^MMM 306 ;i^*w 

^ In, Ga,., N (0<k<l) , W-MM^^ k -ft ^ 0. 5 !ilT6tJ In, Ga,_, N, ft $f 
;S k iM.^ 0. 2 liiTe<] In, Ga,., N„ S-^l-mftt/^^^^^Ma^ 

^^l^|g«tt:m -ftE^'b^¥^#m::'i: fi<i, r tc ?g ^ H tc m h1 W in. 

Gai..N (0<m<l,m<k) ft^fSW^^Ji GaN= ^ ^ - ft E Ik tl * # # GaN 

ftmit^'*^#;i In, Ga,., N (0<k<l) , ^ - It E tl ¥ # # In. Ga,. 
.N ( 0^m<l,m<k), SiiW^^ GaN m.^o ft $f W ;^ ^ - # M ft. ^ 
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^i$m^ k 0/5 W In, Ga,., N. W B " # ^ tf * # # M ;S GaN 

W M ^ = 

n m^M. Si. Ge. Sn, S ^ IV]^ ^ VI^ 7t « , 

ffl Si, Sno 

^lilfS IXlO^Vcm^ iUTo $D^^^ 5X10^>/cIn^ E ^ti ^ # ^ M 
it^^^WmfS.^. mm&^^^ in. Ca,., N (0^a<l) ^ife n s 

^:k^^i^ 0.5ev tg*6ti-tJ#^. fi^^SS^JtlSin^T. 

p n SM#^M0t, lg1£WtiMS<]:t^?SSth±^ a p s 

^j^^^Mjfi^mmm^r , mm'^mj$-m^ iooa &.t,' 



^-:^m. 2000A li-lT, mm^&^ sooA 

-|S4-MJi^ M !ii±. lOA S^^M:^ ±^?bH 

, E m ^ ^ ±ife ^ ^ tB o itb . )ft ^ M 7 fit) M # M J¥ iii ^ # ^ij 
6<]PI^|J, m:X^^m led 7n##m#MSti^^^^:tj5, ^TiU^^MfPI^ 

fiff Al,Ga,.,N (O^b^l) 

tj ^ M M a M ^ M tf 0 

M fit m /J> iOOA, 70A, 10~40Ac m 

-n^^^km^^^, ^mrnMo iifc^h. pM^m^mmm los 

if, WMf[*iIiro p tJ^M^S^M 108 

m^^s,mm^ , 2000A, ff^f-^;^/>^ loooA, 

/hiP 5ooAo s,^MJ¥ffi±i^mHi^ fgJift:g^lrai , mi^iE-^t^^ 

& (Vf), 

Al,Ga,.„N(0<n-^l)4-l^|a^6<] ; ^ H ?t M ft t/ ¥ # H S 0 ;^ 
AIpGa,.pN(0^p<K n>p)> In,Ga,.,N (O^r^l) IP # W — TC M iS > = 76 ?S 
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p m^MmmM.m los m^mmm^$^ = ^n.itm^wi^mmnn 
¥?n.ik.i^^wwmm -^mm^m^mm&x. 

^-^^mm.'^^p^m^&^b. numg^M 12 ^mmmj^mm 

M^^^nit<^^wwm^mmm^^&^^ ix lo'Vcm^- 1 x 

lO^Vcm^ WIbH 1^1? , m0^^ lX10"/cm'~5X 10"/cm^ $n * i> ^ 1 

xlo'Vcra^ ^^-^BK#tcft.tl¥^#Mfi<]^SlJ^ld^, i5i#iji^jisu:ji^ 
^ij-iifLT^Iig;^6ti)iMWi«m<. ixio^'/cm^, PJ^fi^fHtt^ 

^^ww-mr^, Br-ump^m^m^ ixio^Vcm^ imt» ^^i-, in^^ 
p m^^p^l:xmmmm^i^ll^ iib;^7g^, mia Mg> zn^ ca. 

Be # ^ , * $f ffl Mg\ Ca ^ f'^ ^ p S 3V M o 

^msi. i^^^mmumm s ^^m, -mm^h^ 2000A. 

/h^ lOOOA, ftSfft/jNT 500~100A. 3JlJ¥^±;^?affll*I0^, tgiiift 

Yfi p m^Mmm^M 8 mj^^^ Ai,Ga,.,N (o^b^o » 
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p m^mmmm s ^ p ^^M^^jv^^Spr^ ixio'Vcm^-ixio^'w 

e^^BBlF^, S*J6^;^ffi 5X10'Vcm^~5X10^°/cm^ fail , S 5X 

lO'Vcm^- 1 X lo^Vcm' a „ ta ^ ^ ^ ^ 1^ ± ^ m M \H . M ^ 

MMT-^ In. A\m-7tm^amni^m^^w. n^^^ in. ai, w^tg 
fciss 0.001-0.5 mmmm o.oi-o.sm^. m^m 0.05-0.21^ 

*o mm^bT 0.001 It^iest, $nm^ pS GaAiN SMM, fcmW^S:^ 

E&n^St, ^tl^egMMKl^ffi o :^^h, l!$H7t;MHl&tl GaAlN a 

^:k=f- 0.5 mU^M^ p «■ GaN g M M Sf^r^^^^^BZn^ 

m, vf fc M , mmmMRytnmo iit :i 5s # p m gen g m m 9 

Mg^m^}^^ 1 X lO'Vcm^- 1 X 10-'/cm^ MB^^^ 5 X 1 0' Vcm^~ 3 X 
10"/cm^ ?e: H 1^ . *$f;i 1 X lO^Vcm^ ^E* o ^ Mg6<J^lS5^^i^>hmHrt 

Ht. ^s^a^mfe^fWpSM. Mj.tgi£vf[^fg. 

Itb , n Efe 1^ 1 2 p ^ U ^ SiJ 4 n ffl ^ M ^ 4 ± Si # ^ Mg «I 
p m GaN K«}M9±?^^fi<], n^^S 12^np*^llfitl^M'^SW#Si|6<J|i! 
^, n %S 12 Pl^ffl W/Al. p E|;^ 11 rT ffl Ni/Au'^^c 

S 1 a iii , 
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m^M: * GaN I^^KjII^^M 2; mW^^Ga}iB2; i^^TSi&fjGaN 
=l=^^Wn«^MM4; m^^m Gati m 5; nM^MMM6; ^ InGaN/GaN 
7,. p M0Mmm 8; *#^T Mg &^ GaN 

2 M^Mi^Mo -^J^tn, ffi±3a##^&tJ GaN m 5 f^^Sit-iSiJ 

±^nii^^ww^}&, mm^j$.^M. ai, Ga^., n (o^z<i) 

'tt^tl^f'^M]] m In, Ga,./N (0<p<l) i^M 

6<]^:^ , BP GaNo ■ 

¥-^#mStlft.^j5:nt^ p€S0.5^T6<J In,Ga..,N,HSSe<J;^ pi[^ 0. 1 
lit T W Irip Ga,., No 

Siil'^^im-^tm'f'fc.i^^^'f^M^ GaN, X -fi 

^ 0. 5 litT Kl In, Ga,_, N„ 
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fa] fc -fe 7 , mi'^m^, Tui^^i^'^^^m^T^. 

mmi^n, Sdi> w-#Mfi^)5iJ¥s iooA tiT, m.mm&^ ioa ut. 
^mm^^^ 50A !iiT. • 

KjMJf;^ looA ^:IT6^^JiMB^ , ^mmni^^^^wmm j^m^^m 

lis # m J? T , ^ fa '14 ^ $f o s 4 s # « 7 ^ 6^ m 4^ ¥ # I* 

^ MftlPS lOOA LiiT , S^J&^^^E 70A I^T , S S ?J 6<] ;^ 4 50A T- = 
lOOA lilTBt. -^MWm^^tl^^^MKjJSIillcffi^ttilfi^JiJiliJlT. 

S 70A liiTBt, ^M)lMiSiS7®fB^^^|£l, ^fHttfeif, 
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M nm^Mmm e ^.^mi^'&^WM&imM, 25-10000 a, 

m.m^A 25~ 5000A.MS*J6<)Ji 25~ 1000A. ^ M J? ^ 3^ - ?a S ft , 

326. S n M^M^il 6 W^iM 7 ?^^H^ , ^ n M^MliM 6 ^W^i 
T n S^J|fi<j. 
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^ = 

UiT, lX10"/cm^ tlT, STPg;i 5X10'*Wo $n if ^ 5X 

^:^^mi]m 6 4", p m^mmm 8nrwffl^^^iwi6<iMi>Mftiu 

±6^Efttf*##l^^., Siifi<]^^;i Al, Gai., N (0<x<l) IM-^U 
fttl^^^MH IP In, Ga,., N (0<y<l) Km^^Ettitf^^ftii]! J^W 

1+ i3c = 

m^it^^'^ x{S^0.5li;T6^Al, Ga.., N= x@ii 0.5, Wl^^u^ 

^^WmmH^^'P yil^ 0 ^ GaNo y m ^ 0 ^ m W ^ ^ ^IS' , 

GaN 

± ^ 3 M ± . S *i M ;^ ^ SiJ * M ii> m M ± M fi M , ^ if 4. M l^i ± o 
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^R^'W^mmm, fa $P # Ji HJ M S 61] Bt fU ^ f !| it I X 7c # # # H 

m, pTi^3i# 100 MijiT. 

M pm^mmm s m.^m^wn^M^mm. -m^ 25-10000 a, 

mm^^ 25'-'5000A, MSli 25~ 1000Ao S M 4 - la H ft , 

^ $f , Tzwmm&UM 0 
Pi^mj^m, e^^-Ktc^ w vf. p^mi^fa, 

^^SlOOAlMT, mm^^^lOAUT, 50A l^JlTo 

urn. ^mmM^f&jm^B^^m, ^^^^ mm^m^ ^b^^ r^mm 
mmj^^, m{>^-^j^mmj$^ iooa mm^&^, joa liiT. 

Ha*i6^;^S 50A IJITo 

^mj$& lOOA lilTKl^MMBt. ^aStl^ifci^^^^Mfitlffj^lP^SI 

# ^Tfi T :^ . %m^4^^ p m. m # ^ « 7u # Kf Vf |n « iS PI „ 

;^Mfttl3 4 lOoA liiT , aB6<];&^ 70A KiT, HS^i«]Ji^S 50A !MT. 
lOOAt^ATW. ^jl6^,m4ttl4^-^#M WMI»E^#'llllS#Mi¥^:AT, ^ 
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:& 70A urn, 0mmm^.m^m^B^^^, ^fattm^f , 7c#fiti vf 
^#,ifeRriiiffi#ti5#3^pMi^M» 

4^#^wtf}5£T, p m^mmB s o.i m^^:ir. mm^ 

;1 700AIJJIT, ft$f jiS 500A !^T. S^)i®34 0. 1 It^Bt . fc^liifS] 

55 



vf tim^i^. ^^E-mnm^nnm^^wmm^^m^ p m^m^m 

^MnJft Mg, Zn, Cd, Be, Ca ^ II * jc * t 3& # , S^Efitlpi Mg, Be. 

SXlO^Vcm^ liATc $fli^^ lX10^Vcm^ M it ^ * # # M W ^ fa 14 
i|#SlJ6UPSfiJ, fi-lSiSS 5XI0'Vcni^lU±. 

(MgAl^O^) mW^mm^mJi . UR SiC C^W 6H, 4H, so. Si, ZnO. 
GaAs, Galim^^Wm>i o 

2 pTffl Ga, Al,., N ({i d ft 0<d^l ^fi)^ J^^Ui^^ 

fi<];i^ GaN |^ ^ 6^ II M o 

m'^M 2 fi^Mff, -iss 0.002- 0.5 w^, mm^^ 0.005-0.2 
m*, Siiiia^;^ 0.01-0. 02 it^o ^^^t'M 2W)ii?ft±;^^^a[^0t, 

pT f# PJ # o 

ll?+B 2 fi^^-K?aS-M j^J 200- 900" C, 400-800' C, 

3^#ft is^T^^/S* wii^i'M 2 ^m)^^^m, 

^|J$B 900' C~1100' CT^-fe- WWffl Inr Al,Ga,., N (O^f, O^g, f+g 

^1) ^M, mj^^^^T-'M^^^i^^, nrnm^^ oaN, g {tft 0.2 i^at 
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^m^J Si fit GaN^^^S<J nmmMM 4^^^^^ GaNM-#, W 
fli In, Al.Ga,., N (O^f, O^g, f+g^l)|^^, K ^ ^ S ^ il^^ # ^ij ijf ^ , 
nmm^^ GaN, g ttS 0.2 liiTW Al„Ga,., N, ^ ^ fa ^ PS i!> , 

f#Mtt;t/*-^#Mc T ^ J? ^ iiji^ -» ^ , ms^;^?^^ n 
^M, ^^:k^m±^i^mmj9-^ o.i !^*i^±, M^a-i^, ^m^^iv 

^114 IXlO'Vcm^ U±, M« SXlO^Vcm^ lilT6<jf£lI c 

GaN M 5 ±mtfy--n . PriJlffi In^ Al.Ca,., N (O^f. 0 

^g, f+g^l) 1^1^, S:^^S^jej^#^iJi#^, Sii GaN, g {6:^ 0.2 

lilT6^ Al.Ga,,, N, f {as 0. 1 l^T6<] Irif Ga,.f N, K ^ 1 Pg i!? , 

#a^t#m4fct;*#{*Mo Eb^ ^-K^73^ft#»^&^J GaN M, ffj^J^H 

^^Atw^mn^itm^^wm^i^m^'f^p.^ GaN m 3 ±, m^m^^ 

^^#^KjEft.tl*#.#t^^e<J##^ GaN ^ 5, S-^>:M*^±i^ n M 
^MMM66tl^t^, 4^4^^ LEDjC^Bt , ^^l^lffi Vf Tl^o ^ 

#^^^M;^*5~#e^, ^mm^^mym 305a. #5^7 n m^M6<i* 

fH]M 305b, ^N^.^6^±a 305c I^^S^ ^^MM . 

^mmm&hkm}^-mji-t^, ms7#*^wtm 305a. #.^7 n 

M^MWI'fHjM 305b |n^^#3^M±M 305c |g/>HMM|£l^6^o ?E^M 
*^^±3*TM 305a~±M 305c W E ik tl * # ^* IT {$ ffi * In, 

Ai.Ga..,., N (o^g<i, o^h<i) ^^^m^^^^'^mn.it^^^w , 

57 



^mmm^mwm'^^Mi^mm, -m^ i75~i2oooa, mmt^M 
looo-iooooA, ^mmm^ 2ooo~6oooa, ^^mmm^M:W-^±i^^ 

M 305a, + fB]M 305b ^P±M 305c #MS<lMff, ^ ^ M M M W ^ 
IE ± ?g ffl [*1 » 

t^)^^M^MWTM 305a. ^MM 305b |fl ± M 305c ^ M S^J M J? , 

Ho 

^^^I^StlTM 305a ^mj^-^^ 100~ 10000A, m.m^& 500- 
8000A, W.Mm^& 1000~ 5000Ao m^^^TM 305a SH^^ffi^Jf 

Bt, iit#*ffiife^«±?h. {as looooA Pffis vf ±5^ ; ^-:^ffi, 

ajgjfM^B^. Vf ln'si^PlfS, M J.Mir»%Ji1t14Plf£t#m^ . S lOOA 

W^T nm^M^^i^B 305b 50~ioooA, SBW^i 

100~ 500A, 5S*JW;t 150~ 400A, 3^ It # 3^ T ^ M W 4^ fa] M 305b 

mTtnmm. m^r±^^miiiE^my^^m\^<. -^mj^m^ loooAst. 
:^ytmiiim^m&y^,~ ife m >« ^ ^ b°p t . m^mm 305h ^m^m^ 

i^m^m±B 305c M0J¥-m^ 25~ 1000A, 25~ 500A,- 
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wmm^^ 25~i5oAo i^ft##^6<]±M 305c ^^mm^m-0mm 
^mmT-m 25 a, mm^m^^miz^m\^\. jit^h, s±m 3.05c 

jfSa: lOOOA , mWVF±^, M WlimJE#ttTP$WMffel o 

t.W±B\^, 305a~±M 305c ^MM^&^a^'fc, ^ * 

7U##ttWm:^fi<J-^nipi , ft^I^TM 305a~±M 305c H 

^^i^^MJiMfi^#M 305a. 305b, 305c fit fiS W ffl In. Al.Gaj... 
„N (0:^m<K 0^n<l)«^fi<]^^, ^ M ^ ^ n^lii if^ n , t& rT W ^ IrI . 
In^ Al eDtb^il/hWfitl^^, £S*I6<JJ^* GaN|£l^&tjmM 

Ji^^l^ n M^MW^-fHJM 305b #S^^MW*:SW#SiJ61]|5|^J, 
i^cS-M^*J 3X10'Vcm^ Ui±, SXlO'Vcm^ lJi±o nM^M6<J± 

5xio^'/cm^ WT. '^n-¥?^mmm^^mBt^^m^m^±i^^m 

Rr3&^*J n M3^iS6^^J^ffi*IVB VIB 5^4^ W Si. Ge> Se, S. 0 ^ 
7C ^ , S *J a<] ji W Si , Ge> S ^ n M ^.M . 

^iX, 7>m(>^t In^Uit^^^W. aSifitl^'&W Inj Gai. 

jN (o<j<i)6^, M.'nmB^^Mi'm^^. mt&^mTm^^^ 
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m^}$l^-l§:^ 300A WT, mm^^^ 250A lilT, ft^;!^ 200A y 
T. • 

ummu'^'^m^^m, m n^T m ^ mm m mm m . 

1 4^, daSS^ (cffi) m^6<j«>t 1 ]RS^ MOVPE MS 

1^ .• S ffi ASne^jTl^il^ , -fiS^f fi<ljai^±?|-?ij 1050° C, 

^hfitl RM^ AM#^±M6tJ^^5. 3S^tiil«ffl^feB^B5 (MgAl^O,) fP# 
W^^^14S>T-, SiC (-g-W 6H. 4H, 3C), Si> ZnO, GaAs, GaN m 

te^asTi^pj 510' c, MM.H^^mmi'Hi^. ^M,m tmg 

<H¥S^)#^iiM^I*.4Siti±^i^^Jii?;^^1i 200A Kl. 4 GaN 
202o Si^fftei&T^fe-fe^MB-^t'MJtM 2, •pr^ll&-^« 

M-^mn'M 2 ^-i^m^ig, K^ih^m TMG, muM^Mm 1050 

- Co iiiij 1050° C Js , mW^n^m TMG(H¥S^) f^^^Jii|st^#/ 
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mta 900" C~1100° CT^^&}, 'tTRllii.S In, Al, Ga,_.., N (0=$x^ O^y. 
x+y^l)^^^, ^l^^^^-0Wm^%, Uia^^mmm GaN> x{tS 0.2 

CntJ^MM 4) 

^ 1050° c T.l°l#ffiM^fn TMG j-^^mM^ft. 

^^I^n^^-^^^^^ft, 3 '^-^J^^, 3X 

10"/cm^ W Si- W GaN ?^ e<3 n ffi ® jyi M . # n tJ^MM 4 $J M - ft 
3 oTi In, Al, Ga,.,., N (O^x. 0<y, x+y<l)^4l^, % 

^^ha:^i£:>#fji^^, u^^^mmm x {i^ o. 2 w Ai,Gai...N 

flH^;^?^^ n Bff 0.1 1t*t^± = 

W^fHtttl^tt;^ , -|S6^lBffl#M^ IXlO'Vcm^ lii±, SXlO^Vcra^ 
5) 

■ ^m, Rw±i%^mm^w, nn, s losc cT^^^mj?^ iooa 

K], GaN 5o i^^tmHlt^H'M 5 & rT 

IJiS In, Al, Ga,.,., N (0^x> O^y, x + y<l)*^^, ^ ^ ^ S ^ # 
^^^&mm^ GaN, X fiS 0.2 IJiTfi^J Al, Ga,., N, ^ # ;i y 
« 0. 1 WTW In, Ga,.,.N H^, Em^aiK#^l^^P@i>Wm^fctl*## 
Bo ^tS&^ ^^^Sft##^6tl GaN 'fe^fig!* #l^7«1«c;g|^j| 

N fiJ^MM 4, g»fl:Mfi±S##*&^Eft.tl# 
^^flt, $n^m)^i LED 7n#, ft^lW^^^ Vf Tl^o 3^^h, SnfJ^MfllM 

( n iiij ^ M II M 6 ) 

ie^i^P^fJ 800° C. iSffl TMG> TMI. ^-^^ Et3 ^^#1^ W 
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10 ^^^Mff ^^.500A 6<J^fa|&^t£)fi<J ntl^MMM. 

7) 

^-fe^mif^ij 200A GaN|ilj5Kfi<]^^M. M , 

mmit'i^&un^ 8oo° c, tmg, tmi. u, ^fe^^mi?^ 3oaw* 
mw^^ in,,,Gao.,j^ ^j^'^mMo mis, mm^^m + mm + ^&m + 

mm + ffi 5 m^^mip 4 mmm^^mm^m 

1120A ^, ^^m^m^^^i^m^mm 7. m 

mm-l§i^ lOOAliiT, a^iW;i TOAlilT, ft$f;SiJll?« 50A W T = 

$ns^a looA, ^miii^mmmmm]^ . ^-tm. ^^m^mm-^ 

^ 300A!^T, 250AliiT, ^n^iM"^^ 200AWT. ' 

K^, -Kffi TMG> TMA, iC> Cp2Mg( if ij?; " it ^ 
^ 25A W , 4 Mg 5X lO'Vcm^ fi^J p M AI0.05 Gao.95 N t^J ^ 

mH#«lfttl*##li. ^± Cp2Mg, TMA, ±^^m»^ 25A^, 

(p mm MM 9) 

« 1 500" C T, i^m TMG, E> Cp2Mg,^i^^Mj¥^ 700A 
fitJ, Mg lX10^Vcm^6<I p GaN ^^^6<J p tJ^MM 208 = 

p mmmm 2O8 tllnrtiS in, A1, Ca^.,., N (O^x, O^y. x+y^l)*^^, 

+ . s 700- c Ta=fji&i/c. a p 
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9 ^mm±m^m^m^i^m>i rie (^s.M^M'^nm) mm^JA p 

Mmzjs ,^M±M^vmmmMm ji^^^mm±m^mm^ 200A 
-g-w Ni Au wiS7ti§ p *a 10, n^\$, -p ^u±mmm»^ 0.5 
n^^> ^^^^^^ An mj^^ p Mm^m 1 1 . ^-i^m, ^^T-m^i^ 

LED 7C # T o . . 

is It LED Ttft^ E:^ In] 20mA M ^ 520nm W ^ 3t , 

M Vf AW 3.2V, LED 7C {-^ *B tk , Vf^^ST 

0.8V, ^ttJ^I^ 7M^K^±. aifc, Bg^^^liifeM 10mA &fj LEDTGft 

::»^Sc|W]###fi<] .LED. 

S:*:^M^iJ4',t£l^ niiJ^MMMK]^-?ttlfttl¥^#liSS GaN 
^^^W. -fHfe nT lil ^ K -ftk W In, Al, Ga..,., N (O^x. O^y, x + y^l), 

a B 6<] m iji ffi in^j^^itn- n.n. itm^^Wi> 6<] inoaN ^ . . 

ffi^ltilKl In. Al, Ga,.,., N (O^x, O^y, x+y^l), S *l M ffl Al 

W a W LED % # e<] t^I ^ ;i ^ S GaN 1^ ^ fi^J ^ - II ^ ± M - M 

ST Jij'^^M?fD;5K6^ : ft#^|V6<] GaN J^^6<jm-II^M, Si 
&fl GaN n tJglMM, ^ ^ ^ M ^ l - W ^ ^ t f ^ ^ ^ M 

MM, ^mmm^.J Uzm AI^., Gbo.^ N *#.%7 Mg W CaN 
p iiij S M M = 
^'MfiJ 2 

^ ^IJ 2 $P ® 2 dj^s^ LED 7U o S ^ ^ 5£ ^Ij 6^ LED 7C # , ;i ^ 

mmm 1 4^, p^7^4-K^Hit^?i'M 5, M5.m^^t p tj^MMM 8 

#^^ffi*&^=Nl,}eS^#^7Mg6<].^«c;g^tj 5X10"/cm'fltl p n Alo.iGao.9 

N M0f l^^fi^J P tJlMM 108 ^-fe^ 200A ^^fefU^aial, S 

^ LED7U#H^, 20mAT, Vf S ^ 7 3.3 V ^ ^ if W it , ^ 

tiiliS7 1.8{§t?i±o 
^ffi^J 3 
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m^Wi$mmi$.W^J IXlO'Vcm^Stl Si ^ CaN. it^h. 1^7^^ 

p m Mo.i Gao.9 N mm^j^^ p mmM.M los^^^ 200A &}mmz^. 
^%n^n, pim LED TtWH, ^^nM.'M^^mm 2 ji^mw^n^ 

W LED 7C#<. 

^WWmm^P^^J ^k&ikj IXlO'Vcm^ 6<] Si W In„.o3Ga„.9, fi^jMM, ffi 
^-ftmiktf^^f^Mm^^^T^icjg^^J 5X10"/cm^e<] Si 6<J GaN.ltk^'K 

lO'Vcm^W p m Al,,i Ga„., N M^S^^ P tJSMM 108 :t . ^ tP *g |WI , 

LED 7C#Bt , M^TS 20inA T Vf 3.4V, if tti ife Jl 7 1.5 ^ 
1^ ± W it ft # , 
^M^J 5 

^^mm 1 4^, i^7^ife^m = ^?^M 5, mj.^ p m^mmm s 

4^mS^ffl^tMfttl¥##il4'^^7?^;g^ IX 
lO'Vcm^ Mg 6^] p M GaN Mi^F , K ^til tP - # , LED 7C#B^ , 

^^^Wm, fj#JiS^N#^6<J Al„,„, Gao.,3 N t^J5a, ^mmJ¥^ 25A; 

GaNt^i^. nmmj¥^ 25A, .^^i?^ iooA:t^h, » 
it^mm, mj$. ledtc^b^, mmn:^m^'^mm ^'mwm^m led 

^ M 7 

ft^M^ij 1^, nm^mmm 6 ^-^^lim^ , ^^a^i^^^ 

Ino.uii Ga„.,, N ^ W B - ft E ^ tl * # .# Ji ^fe -fe PJ 50A, g « # 

.%6<] GaN J^i^6^m-f+mfttl*##Mlfei^fiJ 25A, mi^, itA^W^^^ 
In«.o3 Gao.97 N ^ W M B 4 ^ PJ 45A, # # # 3V 0^ GaN M 4 I'J 25A, 
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m^> W Ino.„3 Gao.9T N M^^iiJ 40A„ . mXU^m-^ 

nm^ mm. .^^fm^^^ 525A0 
n.it<i^^wwm^^m 40A, gen ^^wmEitmtt; 

m^^ii^m^^m 25A, nm^^^nW^M^ Mg^ pM. In„.o5 Cao.ss.N 

35A, ff^##^6<j GaN 25A= m^xm^ME. 

nnitm^wwm^^^n{> 5A, - a ij k 4 20A ± . m h ^+ li 

^m^^^mm \ mm , ^n, ^ ^'j ^ led tu # at , mm^n^-^ 
mm 1 xML^m^^^^ ^^^mm^, ^mRumitm^ n m^mm 

^^JlfiJ 8 ■ 
Ino.o. Ga„.s, N m 1$.^ - ¥? Uit^^ ^ W Wm^^M 25A, 

Gan m^mM=.¥fnit^^^wm±^m 25A. mis, m umi^i^ 

InGaN a^-fe 25A, Si^^^^^W GaNM^^ 25Ao 5^ # . 
^^^^jmBth SXl.O'Vcm' M Mg 6<] p S Alo.05 Ga„.95 N ^ 6<I ^ H f t 

mifM^^wm^^m 25 a, ^»{$Eti##^6^GaN?g^6^mffl?tMit 

ti^-#f*M^±-feiiJ 25A, ^it^^P^nwmm^ Mg, {S Al 

m pM Ga„.3, N 25A, S # ^ ^ 6^ GaNM^-fe 25Ao 5^ # , 
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^itm^^^Mm I mw\ . s led 7£#w. mm^n^^ 
mm \ ±^mmm^^^ :^^^mm^, ^mRumi^m}^ nm^Bm 

^P.7^i^^^ 5X10"/cm^ fii) Mg W p M Alo.; Gao.9 N^^^^Wpil'JaiM 
108, ^aiff^^ 200A. 4 LED 7n#Bt . pT ^ f# A ll 

^ M M 2 ^ St ^1 15] fit) # 14 W LED 7n# . 
^'5Si?iJ 10 

^^.jmm^ 5X10"/cm^M Mg fit) P M Al„.j Gao, g NMl^^6^pi!lSMM 
'l08. ^HiJf^^J 200A, ^f&tiSffilWI, ^^'j^ LEDTCj^Bt. rT ^ # ^ W ^ 

^mm n 

^^it^^mm i ^t^, MR, V m^Bmmm^^n.i^^^^i^ 
^ Ai w^^w^^m+BS. spm-ftE^fcti^^^^M^'fi^ In mm^m 

@/>, ^it^-n, LED Tti^n. mmni^^^^Mm 

6^ LED TU'f't^o 
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m^^^Mm I mm. s ^ij ^ led tc # , mmnx^^^Mm im^ 
^mm 13 

T Mg W Alo.oa Gao,„ N ?^jt6^^-#m4tt/^^#M^-fePJ 25A, g| * 
Ino., Gao,, N ?f ^ 6<J M - It M ^ tl * # # M ^fe 50 25A ^ 

^h. ^^tP^^'M^J 1 >l=aiwi , ^ LED 7c#fft., t§^#:^ic-^^Ji.M 

1 AWIW]##ttfi^ LED7C#o 
^ SIM 14 

Ino.o, Gao.s, Nj^i^Wm-ftEfttl*##M^fe-fe5iJ 25A, 

GaN r#ft4l:ti#f'^*M4-feiJ 25A ^^h, SPIRTS 

H-^m^^l \ mn , $ij ^ LED Tt; ft , tg^#:^ic-^35Sfi^!l 1 =irWPi# 
#'14 W LED 7n#. 
^M^iJ 15 

^a^SS^iJ 1 4- SiJ P tJ^MMM 8 ^fe^6<]3±@4^ . 1^ El3-»l^7 Mg 
6<J P M Al„.o, Gao.H, N ?gi^M^-#m4bJ^¥#1*m^^5'J 200A :t 
^fflilP-^^Jffi^'J 1 tai^. «*|J^ LED 7U#Bt . t^^^;»cE^^S£^^J 1 :R 

* m 0j w ^' M 1 6 6^ a ft ti ^ # Tc ft ^ $D s 3 ^ ^ , s p §j E 

*^JtM 16 6<]^3fc-®tJ^S80l^^JififlGaNS>^50±4-K:!iAT 
^ M M ^ 6^ : 

(DA 3 ^t*J¥ W#3^7 Si 6<] GaN n GaN M 52; 

(2) 0. 1 tt^J¥6<] Ino.i Ga„,9 N M 53, 

(3) A In, Ga^., N/n S GaN ?^ ^ M ® h^b ^ 6<J n «J ^ ^ M 54; ■ 

(4) »^7 Si W 0. i m^itif: atl n M GaN 55; 

(5) In,,, Ga,,« N'/ In,,^^ Gao.,« W ^ ^1" ^ ^m^'H MM 56; 
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(6) ^^7 Mg W . 2OOA m Ino.2 Gao.8 N M 57; 

(7) #l^7 Mg fi^. I¥S^*J 0.1 m^ltfi^J pM GaNTfe^lRlM 5.85 

(8) * Al, Ga,., N/p M GaN P tJ^MM 59, 

(9) ^^7 MgS^, ffg^^ 0.05^*&<] pM GaN7t#[&]M 60. 

^ , n tJ S M M 54 * i j¥ ^ ^ 25A M # 3^ 7 Si W GaN M , ^0 jf 

:^M'f*:±M^^nM#*tt=iH:^.SntJaMM54^, ##^6<J In^Ga.., 

N In e<]*Jii)q, M X 0.01-0.3 mart 

]tl:^h,W^!IE564'^#a^WffjS^ 20A6«I.#I^7 SiW4Mlno.,5 
Gao.asNl^M, ^ )¥ S )^ 50A 6<] , ^^7 Si ^ In,,,, Ga,_,, n ^ > ■ 

pWMMM'59j6 4J¥jg^ 25A6<I#^7 Mgfi^J GaNM. 
U% 25A Al,Ga^_, N ^ 120 M ^ # M S * M ^ , 

N^K^^ifiWiiM, k\ MyW{lft0.01~0.2W?SartfJc 

16 (1) ~ (9) ^mt.nr {tsi]^^'Jt4> 

:^ p M^MM 60 J:Jg^7 * Ni/Au ^^ 450 ^^1^^, 

MW^t^fi^J P & 6K ?E nM GaNM±. iJ ?g ^ 7 * Ti/Al 

^ fi<] n fij * m c 

jtb^K SM^'J 16 M^Tt-^t*. ±^WMMi^ffi;^*M>!>f Ti 
O./SiO^ J^^6^ . lilMwffiS^fiii'-?^^^^^ 50%, 

% ^{t 6«] :t ?a T ii ^ *i ^ « 

^ t# $P ^js: ^ ffi 16 Bff f 6^ t *f W ^ ^ 0 
^IS^iJ 17 

^Sli^iJ 17^^S 4^^&<]^^:^*2;t=@^6t^JI1?iJo 
*^M^iJ^, smS^ cc ®) IJ&^WSit 1 MOVPE 
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(mnm 102) 

mm, ^umr^m, 510' c, ^an^^^m^^^. tmg 

mj^^m7<^m 102, 

GaN M 103) 

^IH"^ 102 ^^^ZJB , Kff±^S TMG, ^it i@L a iiJ 1050" Co 

&m 1050° c j5, nwmn.Hm tmg ch^si^) i^^^JEi4n#, 4-^ 

^Jii?^^ l.Sm^M^^^^W GaNM 103o 

( n « g M M 4 ) 

s 1050" c T, nwmuHm tmg i^f^i^mH 

W> ffl^^n#f^*3^M^#. ^-^^ 2.25 i#^7*fc;g^*J 
4.5X10'Vcm' W Si Kl GaN n iJSMM 4. 

(ntJ^-^^MM 105) 

Rff±S:^n#, S 1050° c T, fflS^^n tmg ^fe^^Mff 
75Afi«)##Sv GaNMo ffi|wi#fi<jMgT. ^ in ^ :^ ^ # . 

^l^mW^ 25AW, W^J'^I^^ 4.5X10'Vcni^ 6<I Si 6^ GaN M o 3^ # , 
,m^^^-^MJ¥^^ 75A 6<] GaN^^^W AM. E J¥ ^ 25A 

W , S#3^T Si GaN I^^M B jlo ffi ^ W JK M M ft 25 E . 

-S^ff jgfellJ. 2500A, SM^Hl&^I^Kl^MMMt^^fi^] nf!|^-'^ 

105o 

( n 106) 

^nn^^M.JMl' , tEtJ##.^W GaN |^^6*J^z:#m4ls!i¥ 

106b 40Ao ^.i5, ffiia;KP$|lJ 800" C. mm TMG, TMI> 

^-^f&^i^^P^^ Ino.i3Ga„.8, N ^^i^S^J. I¥ S 20A6<]m-#E-ft 

>^^.^wm io6ao sgsxiji±6^^#. ^^ife!em-^}'Si^- 

^ 40A6<]^-fttl^ttf¥#1*M 106b, AM?^^®^B^&^^*I^MJ161l. 
M)?^ 640AW ntJ^-^MMM 106, 

i^mm 7) 

^-Ki^mff* 200A Kl 4^^^^6^ GaN t^^e^J^^M, ^/5. 

mmmumu^f^ soo- c tmg, tmi, a, ^ii^^mff^j soAfi^j^ 
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^^#l^6tl Ino.^Gao.e N t^^W^M. B }S . ^ M M + M M + ^ ^ M + 

mm +^^®3^#Miii^. 5 m^^mm ^ mmm^^mm&^ 

^, JS^^ 1120A i^l^Sf^l^^^^WW^iM?. 

• (p W^MESMM 108) 

S 1050° C T , itM TMG> TMA> E> Cp2Mg( J^^jX-M^k 

Gao.eN 108a. g*, iJ M ^ T ^ 800° C, 

^ffl TMG, TMA^ Cp2Mg, :t -fe ^ E J¥ 25A ^ , ^W^jmBtk 

IXlO^Vcm^ fit! Mg 6<J Ino.03Gao.97 N|^^W^ffl#^tt.t/*^#Ji 108b, . 

^^j^^i^m. mj^-m^m» 4oa ^nB^uit^^^^i^m losa, j^m 

365Ao 

(p ill GaN ^MM 9) 

^ 1500° C T, ^Sffl TMG> n.> Cp2Mg,!t-fe^Mi?^*J 700A 

^, S^I^Mg&tl?^;^)^ IXlO-Vcm'fi^ p M GaN 6^ p fJg^MM 9. . 

nmffl^". 4 700° c T^a^f iii^. -fi! p Mm4tti^##M6^ 

mmmmjf^^Mm, $p s 4 ^ ^ , n {m g m m 4 w ^ m n tn * » 
M'i^zB .^m±B^pm^mM^ }i^^^^M±Mi^mj$^ 200A 

6<3,-tWNifnAua<j3i^'t4p*mil.ffSi^P%tSll ±J^fiKii^;*J-0.5 

iJte^fflW Au^£i^e<] pitstm iio lii^^m 

M#iltii^&flniiJ^toM40^mM±?i^^WSlAlWn*a 12,E^^ 
LED7U#7o 

i^ft LED IE fn] 20mA T . M ^ 520nm fit) ^ ^ * . 

M Vf 3.5V, ^^:^^iS^^»^ led -f* 41 tk . Vf l^fST 

i.ov, mih^mJm^M±.^ @Jtb' lOmA &«] LED7n# 
±mnW^1&^ LED, 
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^-fn^Bmm!^^: ^a^^^^ oaN j^^wm-^jtB', si 

W GaN?^^W ntJ^MM, fi^^lS^J 12 - W Ify ^ AT m ^ ^ B 
mMm> ^m^W^J Mg^ Aid Oao.s N ft ^^7 Mg 6<I GaN J^^ 

etj p §J ® M M o 
^mm 18 

JSLED7C#o 

( W M 7 ) 

800° CV ^ffl TMG. TMI, -fe ^ 0 if ^ 30A M 

Ino.aGao.y N ^ i5 . ^ M + m M + ^ ^ M + 

mm + ^^m'i^n^mB, « i m^^mm e MSi^M^^ifeMS^ 

B^a#e<J LED 7n#^ *«itl^ 20mA Bt, ^ 470nm 0<3 ^ M ^ , 

^M^iJ 19 
^ LED 7n#. 

250A W i W GaNlfefj^fi^J^S-^M, 

M^'^£^ajg^*^f S 800° C \tn tmg> tmk ®, ^l£^)^mi¥^ 30A6<]4 

^^^^6^ In„.3Gao., N , ^ M ^ ^ M + P^T M + ^ ^ M ■+ 

mm ^^^m'&^mmn, e mm^m^ 5 MSfM^^ife^s^ 

f£^^^-^,j?ja^^ i650A6<j. ^^^^fm'^mm^m^umi^ 

fJ\W^^ LED # S IE l^il * m 20inA , 470nm fltl ^ K - 
^M^'J 20 

LED 7G#. 
(^MS 7) 



mm. !i-K:^Jiff ^ 250A GaN t^^fi^J^^M. M^, 

mm^^&UW^ 800° C. iJffl TMG, TMI, ^. ^ "fe ^ ^ ^ 30A W 4 
Ino.,5Ga„.,3 N ^^I a<J 01= M « ^ Jg . S ^ ^ M + » M + ^ ^ M 

+ + ^ 7 B^^M^ 6M^M5£#ifeMS 

fc^-K^-^^l¥S^ 1930A ^, S^»^ef^l^t^^MW^!SM7o 
m ^ # atl LED 7G#SiE;^ffe]*l)t^*J 20mA , ^ 500nm t^Mm^^. 

^ LED 7G#o 

( W in M 7 ) 

250A e<J 6 GaNt^j^W^^M, 

m^^M&Un^ 800' C, ffiffl TMG. TMI, Si. ^ ^ ^ M i¥ 30A W S 

In„.3,Ga„.6,, N ^f^^mM. MB, ^^.^ ^ B + B M + ^ 

+ + ^Mm^wmmB, ffi 4 m^^m^o 3 mmm^^i^mM 

E*. Dc4-^i^-& jfit 1090A e<] , S ^1:^ ^^t^t^im WWiJia 7o 

m^n^ LED 7C#S IE:^ Ir] ^iifi^^ 20mA , 500nm 6^ ^ ^ 7t , 
^ # ^ ^ M ^ij 1 7 iWI # a $f W ^ ^ . 

II] , fij LED TUff . 

^;f^#w LED Tuii^s^tb^M^j n ^mnm7tnm^^m:^ytm^ 

^ifi^'J 23 

ipm^Mmmmm is) 

S 1050° C'^S.y , itM TMG> TMA, fC . Cp2Mg( 5f ~ j# ^ ), 

LED. a^^^/swiMM^^^rai&^f^. m^^ 



17 + , ^.j n mm- ^mmm 105 f^i:xr^itz^\', n% 

^+@1W1 , $ij#j55c LED 7n#o 

(nijm-^M^M 105) 

GaN A M*-fe?lJ lOOA, m&1^^J^&^ IX 

lO'Vcm^ 6<] Si fi^ Al„., Ga„., N ^ 6<I B m^mJ^^^M 25A, ^ e<J 
ABm BMBSi 20m. '^^J^W-^^ 2500A6<] ntJM-^M^M 105, 

$M^y 25 

$lj ^ LED TC # 0 

( n iJ g M M 4 ) 

^ 1050° C T, ffiS^fP TMG ^^Ii$4^#. m^^HW^^^M 
'KW, 6 *»,^T^?5jg^ 4.5X10'Vcm^ 6<J Si 

^ GaN n MmmB 4o 

0f^#6tiLED7c#AW^^iiM i7:^SSc^iIwi6<j#tt, ^t#T&»W 

J^M^iJ 26 

^5S^iJ26^^S5>t'm^W^M^^3^S^Ka^^S£^iJo 

ASn. -ffiffiSJt 1 ^'^&^Mm 1050" C, ^S>t3SjTrtS« Jtfc^h, 

iJffi^feB-a:^ (MgAl.O,) IP#W^fe^eS>t. IJiS SiC (^W 6H. 4H, 3C) , 
Si, ZnO> GaAs, GaN^^^^Sito 
(mH^m 202 ) 

^eia;ST^MiJ 510° c, , tmg 
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(.M- n mUitm-^^i^M 203) 
^'^M 202 ^^J^^Zf^ , P.W±^.Jk TMG. :!(^Um^mm 1050° Co 
mm 1050° C jg, TMG(H¥*€) ^-fe 

^*##*6tJGaN?^^&^,Mffi^j5m?ftWm-n«E4ttl¥#^M 203. 

m- n muitf^^wwrn 203 M^u&it^^^^f^mnm 202 
ur, miamt^^ 900° c~iioo° c T^-fefiti, oaN tii^h, -feRriji 

* In, Al, Ga..,., N (O^x, O^y^ x+y^l)<4j^, $P ^ i£ ffi S ii 6<J GaN, 

mm X {t^ 0.2 liiTsti Ai, Ga,., N . wt u ^ M ^ ^ ^ ^ m.{> ^ n.it 

itt^h- ft0Jij¥Stt^5?1'Mff , il^Mi^g^itSiJ 0.1 m 
0. 2Q • cm, m. ia^^^tfy Si. Ge m n S 1^ M 6<J » S - n fj 

^ 1050° C U&T , TMG, UH, ^-K^Mi?^ 20A a<] 

% IXlO'Vcm^ 6<] Si W GaNM, Mis, W±W^ Si, S ^ ^ j^j 20A 

m^j^m^ 2oAw#^T Si fid GaNMi^^w BME^-fe^-jft. m$ 

( n 205 ) 

P^^?±#ti3i^;^^^, |WI;j^, :^ 1050° C T ± ^ J$, M » ^ lOOA 
S^^^^W GaN-*fc|^&<]^= n tJM^tl^^^M 205<. 3i>+^H n 
mn.it<^^Wi^m 205 ^nfU^ in, A1, Ga,.,., N (O^x, O^y, x+y^I) 

nn^^mm^ g^n x{i:s 0.2 

IMT6^ Al, Ga,., N, Y iM.^ 0.1 i:Xy&] in, Ga,., N &^ , UU^M 

^#^fH^PSd> WEikt/^##Mo InGaN Bt, taW:^t:±m± 

Ai fetgg^±^^ AL mun^^^i^M^r^m 
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mis. ^u&mm 800° c, '^mm'f^wmmn.H^ -k^ tmg. tmi 

(p tJSMM 108) 

MB. mUm±^m 1050° C, TMG. TMA> U> Cp2Mg( 

]%-m^m ),±^^mw-ti^! 20A Mg w^^cgii ixio^/cm'e*! 

p M Alo., Gao.9 N M . '{Jffi TMG. iC. Cp2Mg, ^^^MM^ 20k 

m , S^^7*Jt^^ 1 X 10"/cm' StlMgfi^GaNl^^fi^MM. WT, 

^ 6<] p tJ M M M c 

(p tJ^MM 208) 
^^5^, 800° CT, ^^f&^m^^^ Ino., Ga^.g m^t^MM^ 

20A ^m~^n.vcm^^wm. g^t. i*it tmi, ^st^^^^^jmiM. 

% IXlO^Vcm^ 6^ Mg W GaN t^^M , M ^ 30A 6^ ^ - ft M ^ ^ ¥ ^ # 
Mo l^;55£#^ft. ^-^^.e^MJ?^ 600A piflSMM 208o 

%^%m^ . s 700' cy^g'X, ^ v>mm^mm^m.^-pn\^-> 

■m'X-t.n. JeraM-J^SmW^'t-mtH , ^ft±M6<I ptl^MM 208 

6<j^M±J^i5gfI€?^1^ a^Mit , S RiE ( ^ytil^ ) ±. }k p 

fij^li^^^^iSfi^^iJti , n 204 

S*±M6ti p iiJg^teM6^>fl^^^ffi±J^^Mff 200A 

^^^^fi^ Au i^^fiti- 0.5 p ?!rs%^ io,_ s 

^iJtiMMtH*6<jm - nimtt.ti*^ftM 204 6<I^ffi±J^^'t w-^n 

^^wi SiO.^i^mmmm. 12 )i^ii>t*'J^?i^^^- j^^^ 350 

LED 7L j+ o 

3^ft LED 7C;#S 20mA T, £ t ffi 3.2V Ht , ^ tB 520nin W feS 
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■feTt . S 20mA T. Pj^lf Vf it^S 0. 2-0. 3Y. jEE RlUi ^ il tiJ 10%[Jl±o 
Jth^h, ^!]3t$H ^ISM 21 LED 7C# 100 ^. 20mA TiiJ^^jE:^" 

iRl^iEVf. Vf W^^IbH^ 3.2V~3.3V, ^ «S[ W @ JS ^ . 

^M^iJ 27 

^ ^ M ^ij 26 4- . ^t.T^ p mmmm'^^^&u^ ' 

Gao.9 N^-^#^Mg6<J^^S^ IXlO^Vcm^ W GaN 6<] M ^ i± * :t , 

^telP^B^M^iJ 26 +i|WI, *J{^^ LED 7G#. ' 
^SffiM 28 

^Wi^^}^^^^ In„.„5 Gao.9., N K ^fe IP ^ 5S M 26 +1 |WI . MW 

^ LED 7n{^ o 

^WWmm^W^ IXlO-Vcm' 6tJ Ino.og Gao.95 ^ ^ 

-te i5 fP ^ St ^ij 26 +0 IWI . $ij # ^ LED 7G # o 

^MM 30 

^f^ft^it^ltS^ Mg lX10"/cm^ e<J Alo.o., Gao.93 N ^ :t , S 

fill IP ^ij 26 |WI , ^H-^ LED Tc # . 

31 

i^-^Wl^'P^^'l^I^^ 1 X 10-"/cm^ &{] Mg 2, . K ^ fI5 ^' M ^ij 26 [Hi , 

fij'f^^ LED TZi^^ 

^mm 32 ■■ 

IXlO^Vcm^ fi<l Mg W In,,, Ga„.9 N ^^I ^ 0<J ^ - # M * f # M 3l5 # # 
Ino.i Ga,,9 NM. ^:i.i^M#I^Mg6<J^SS^^ 1 X lO'Vcm^ 6tJ GaN|^^ 

mn-^nit'^^^wm^Rmmp^ Mg fi^ji^^jt^tj ixio^vcm^ ati caN m 
j^^^-^n.vcm^^wmz^\-, ^^^^"^nn 26 nn. # ^ led 

^mm 33 
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'i^n^'^Mm 2^ mn, ^h-^ ^ led # o 

gp. 4 800° CfitlSJgT. Ina,, Gao., N I^I^fitl, ^ 

30A 6^]^-f1'Efttl*#frM:ti5. TMI, WlSLW- 

S ^ IR] ^ 51 yff ^ 41: . /A Ino.^Gao.sN ^^^tt^ GaN 6<J ^ M ^ ® W 
iK^o ^STMI:)^ 0:tjg> :i^».^Mgfi<J¥^cS^ IXl O^o/cm^ W GaN 1^ 
m%~n%^m^^W^, Mff^ 30Ao ^jg. X^mitiP TMI, 
J? 75- I«] ^ ^ M ^Sf ^i: . GaN mm^^^l^ Ino.iGao.^N 6<]fig^S^m 
:tj5, SJ^^KEJ?^ 30A6«J, In^. . Ga^.g N ^ 

iol6<] p«^MM 208„ 

± ^ M ^'J 27- 33 ;;f ^ # W LED x; # m SI ^ M ^iJ 26 - # , A'W 

(ii a fi^j TH # ffi fcb $f # ^ fl^ :^ 3t # o 

Jib-;^h. S lii ffi* InGaN p iP!!lg^MM4' > ^ InGaN -fe bb 

6<]pflJgMM^@H^B^@t^' -^ti^Wi^Mfi^ InGaN 1^ ^ 6^ p « 

m 7 JiS^dH GaN InGaN mi^^^l^^^m^fn^i^m^^mm^ 
#ftiS-^e^3tW5gii*ffl^S. GaN (20A) M InGaN 

(20A) ^WMS 30^jil«W^Kl. Mg 4X10"/cm^ 

(^J¥0.l2lt^) l^^6<]liia6<]^iJ?^W^3ijl^o $pa7Bff^. 

WtRliC^^^ffl 1^ . Rrii^#M. rsl&^ t^ M^BElE 400nm 

34 

%mm 34S^B84^^^Kj^M;^^ffi^K6^^iflf|J = 
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^MK^Hmmn, ^m)^ i &;}U&±^im losc c, 
imnm 102) 

^umr^m 510° c, fflfinf^^it^ifLT tmg 

( = ¥S^^)#^^-^>*4^#. li^^^^l^J?::'^^'^ 150A S GaN 

102. • 

(^^#^6<] GaNM 103) 
^?pt'M l02 ^-l^^:^^, K#±^ia TMG, :^Um^Mm 1050° Co 

jifij 1050' c jg. I^#fflicn^n TMG (H¥S^) 

^Mlf ^ 1.5 GaN^ 103, 

m^. ^ 1050° C"f, Pl^fflm^^n TMG(H¥*I^) i'^^W.^H 
#, ^^^n#f^^^Mni^ . 2.25 S^S^T^^Jg^^ 

4.5X lO'Vcm' ^ Si6<jGaNJ^;*Wni!l^MM4o 

(n ilim-^MliM 305) 

m^, RW ±^^^W , 4 1050° c T , ME^fn TMG ^-fe^ftl 

^ 2000A &^ # # ^ GaN M ^ W T a 305a, ^jg, ^I^^WjSST, 
S^iB^'^n^*. :£-^.^d3flI)¥^*J 300A ^g^T^JS^ 4.5X10'Vcm^ 
^ Si ^ GaN MI^^Wt-fslM 305b, S W , RW±^^^W, S HI # 
6^SST4-fem0J?^ 50A GaN mmm±m 305c. ^ ;i . 

(niJ^- ^MMM 306 ) 

40A. ^js, sesjg^sy 800° c, tmg. tmi. m. ^ 

■fe^i^^^l^fi^ In„.,3Ga„,s, N t^^W, J¥ ^ ^t, 20A fi^I ^ 7 It E 4fc tl ^ ^ 
lOM, mjS~B&^ GaNt^^W, ^ ff^ 40Aatl^ 

-fta'fctj^^^m, Bf^j ^m^B^^m^mm^ii^^' mw-^ 64oa 

W niJ^l^^MSiJs 306c 

i^mm 7) 

78 



mmitumuw^ soo- c. tmg, tmi, 4-^^^^^ soaw* 

In„.,Ga„.e N+^/^ WP^ Mo ^ . S.M ^ ^ M + 1^ M + ^ ^ M + 

ItM + '^Mm&W^mi¥ . IE BM^^-^M^n 4Ml^m5£#ifeMS^ 

515, E^-^^.g^J¥® 5^ 1120A 6<] , ^»TltMI^I^^6<]WMM 7o 
( P tJ ^ M ]^ M M M 8 ) 

IE 1050° C T, -fi^ffl TMG, TMA> Cp2Mg( i^^J[g;-j^> 

^ ),:t-fe^MJ¥^^ 40A W , ^m^' Ug^m&lk lX10"/cm'6tl p S Alo.j 
Gao.8 N f^^6^imH^tm4ttl¥##Mo g*. 'ffi^a^STPIiiJ 800° C, 
^ TMG> TMA> M> Cp2Mg, ^fe ^ ^£ H J¥ 25A W , * # 3V T 1 
X10"/cm^W Mg Ino.ojGao.sT N 14f^6<]^EftMtt.i^#-##Mc ^ jS , 

Wm. 40A J^^Ti^fa 

^m^'^^^mmm'^^^ piii^M^M^SM 8, Mff^ 365Ao 

(p GaN ^MM 9) 

:S 1050° C T, TMG>. Cp2Mg,:i ^ ^ M 3*7 700A 

^, ft^^MgWi^S^ lX10-Vcm'6<] p M GaN :^^fi<] p tlSMM 9o ' 

^mai^'. 4 700° c Tit ^Tii;/c, P fflMfi^ %Pflffl-t^-|^fft« 

^iJti5:;s,S«±M&^ P'«J^MM6^>rL¥^^«Mi:?^^^»^ 200A 
6<j , -g-W Ni Au p 11. S'SiS p%a ii±?^^m¥^ 6.5 

^5t^fl<I, Au^^^fi<] pW,^%m 11. :^-:^M. SSTIiJI* 

mmm^%^ niiygMM 46<]«ffi±j^^^ wsi ai m n % 12, nc ^ 

^ LED 7t\^l . 

a ft LED 7n#4lE:^[^%il 20mA T , IS S ^ 520nm 6^ ,^ , 
M Vf.RW 3.5V, ^ LED 7uft+-| tk . Vfl^fKT^ 

j£ l.OV, ti tbilSTM^^ aitb. E 1^ ft a «J lOmA W LEDtc 

# St ^ # It '14 6^ LED, SiS-i^. n^Wi^^ LED, .y. LEDTC^tfl^J n 
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tk ij^ ^± e<j \.5i^i:k±o 

Miiiaa^ LED 7n#6<]t4jm^46 Ga^ mf&^m-mii^mjimmd: 

6<] GaN?^^&^ ntJglMM. ^ ^ M M 21 ~ W ^ ^ & m ^ ^ M ^ ^ 
mmm'. ^m^^^l Mg 6<J AIo., Cao., N M. S^^T Mg 6<J OaN 

^mm 35 

|W1 , *ijf^^ LED 7n# o 

800° C, mm TMG, TMI, . ^ "fe ^ M ii ^ 30A 6<| S 
In.,.:,Ga„.; N ^fci;^&<jl^M. ^ ^5 , S M f^- ^ ^ + M + ^ ^ M + 

mm + ^^mitw^m^, ffi'? m^^m^ e Mi^M^^^^feMSja 

m^n^ LED TC # S IE [fej * m 20mA St , 470nm 6<] ^ ^ ^fe , 
t&^tf^^-ffifj 34 6<J^m. 
^M^iJ 36 

^^H^J 34 ^7 W^iM 7 f^liiT^^^^h, Sij'f^ 

^ LED 7S# o 

( WMM 7) 

S*. ^l£-l^i5gMJ?^^ 250A W GaN ^ , 

800° C, TMG, TMI. % . ^^l^mMth 30A 6<] * 

+ . ffi 6 M^MM^ 5 mmm^^m^m^m 

515, fcii^^,&J¥jS^*7 1650A e<J, 6^*^ 7, 

m^n^ LED 7t\>^^]?.1j H^htl^ 20mA B!r,^470nm6<]^Mfe^. 

^ t# % ^' F'J 34 ^ # » 6<] ^ ^ o 

^;lfiJ 37 . 

^ ^ll^'J 34 4=. P^TW^M 7 f^lMT^ft.;t^h, SfelP^glwi, 
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m LED 7C;# o 

^'^l^.mW-^ 250A GaN^il^W^^M, ^B, 

m^ffi^aSiS^iS 800° C, \tm TMG. TMI. %, ^"^^MW^ 30A * 

#^1^6^ Ino.3.,Gao.e5 N ^ fitj 1^ M o ^ . S M ^ ^ M + &f M + ^ ^ M 

+ . + WJiJ? , ffi 7M^^Mfn 6 

it^^^-&J¥g^^ 1930A 6^. i^.l:^ Sf^^^t^^KlWxiM 7. ■ 
B^^^#6tJ LED7n#4 lE;^f«I 20mA Bt , :t 500nm 0<] M ^ ^ . 

34 |WI# fe^f a^J^^o 

38 

^ LED TC # , • 
( ^ M M 7 ) 

;i-K^mJ¥^ 25GA 6<J i^^^l^fitj GaN |^m6<J^^M. ^ , 
800' C, ^ffi TMG> TMI. ^, 4 ^.^ Ji ^ 30A W 

##^6<] Ino,35Ga,,a,, N ^ W It M » ^ ■ SM^^M + ^M + ^^M 

+ mm .. + ^^mmm^mm , fe 4M^^M?n z mmm^m^m^ 

1090A Kj, *^»^lt^t^t^^S<]W^!IM7o 
^ ^ fi^ LET) Ttf^^iElj 20mA-Ht , ;t 500nm M ^ ^ , 

^M^?lJ 39 

^^M^J 34-13, ItT:^^^ ntjm 2 ^MJiM 306 :t^h, ^j&tPffi 
|W] , $H^^ LED 7n# o 

LED 7C#^^i^^iJ 34;f@tb, S^7c#'-!t'l4fn^^^{ilf^^g 

40 

fPffiH, ^H'^iTg LED7C{1=. 

(p ffJ^-MHSMM 8) 

^ 1050° C T, -ffiffl TMG> TMA. M > Cp2Mg( J[K " j:^ ^ 
^^^J5^ 300A S^, Etl#3^ Mg m'MB.Tt 1 XlO-o/cm^ 6<] p ® A^.i^Ga^.^, 
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ff^^n&^ LED 7G#4^, ^^i^^m^B^-&mMi^^^^. mm^- 
mmm 41 

S^il^J34 4'. ^Tniijm-^MMM 305 i$MiitTW:^^5S4k^ 

(n fflB-^MMM 305) 

Kff±^:K^#> ^ 1050° c T. ffiM'H^n tmg ^fe^^il 

3000A GaNjf^^me^TM 305a, mB, ^mW^U^T , 

nmiiu^m^w , ^fe^^ imw * 300A w . #^t^^J;S^ 4.5xio'«w 

a<J Si W GaN M 1^ e<] 4- fa] M 305b, H 1>I ^ , R#±^'>^^#, « I^I # 
&^>^;ST^-fe;^^J¥?^ 50A6tlS^^#^ GaNt£|^fi<I±M 305co 
f>)C^^^ = M&tJ.^>Mffp^ 3350A fi<J^-^MMM 305o 

pjf^n^ LED 7G#:irW-^^iSS^!i 34 isi^ti^^ 

42 

:£^M^iJ 41 ^ , PIT n tJ^-^MMM 305 gc.^>!^ATa^:^^'^^^ 

gp, TM 305a EfeHlf^^J 3000A W^^#SVM Al.,., Ga„.9 N t^^, 4- fi] 
M 305b i^ff 300A W,^^7^ifeS^ 4.5X10'Vcm^ 6^ Si 6<] Mo.iG^^.s 
N t^^, ±M 305c IiJ Ela^ff^ 50A Alo.i Gao.g N JtK „ 

bfc^M 1 

4^MM344'. It T^J^^I^^ n iJm-^MiiM 3.05 
GaN l^^fi^T^ 305a:t^h. ^ tP 1^1 . SH-^ ^ LED tc -f* = 
Bffit^a^ LED Tiif^^^'M^iJ 34*|l;l:, if ^ * ffi # M ^ T ^ , W 

^ m « % vf 6^] # '14 til ^ ;^ M ^ ii ^ ^ W ffl = 
tk^^ij 2 ' 

S'^'W^ij 34 4" , mi nmn-^mmm m , 
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ttSfJ 3 

^&<J GaN t^]^Kl±M 305c Jti^'h , ^ it U m ^ . M i^f LEd 7i> . 

^mn^ LED Ttw^^mm 34 ^it, mm^mm:k, ^^m^^ 
^mm 43 

(SK- 1) 

iciMS^ (c M) ^;fl^^fiti£it 1 MovpE 6<ifiiS^^rt, 4 
'ffi«>i- 1 etjM;g±?^5ij 1050° c, )?>i-s>}-ii4fi^ji3i„ 

mm, ^u&i'f^m bio- c, mm^H^^m^mTHW. tmg 

(^^mm) i^^Mmnw, 1 ±^^^mj¥^i^' 200A * oaN 

2 lt^^:ti5, RW±^.m TMG, ^^MS^^iSJilJ 1050° Co 
iij 1050° .CM, TMG f^^t,i$4>H#, 'i-^mmmt^ i 

GaN M 3o 

inmmmm 4) 

S 1050° C T, TMG f^^j[i$4^#:, ffiS^-^ 

#f^^^M^#, ^fe-I^^ 3 ^t*J?6<I. A#I^T^^^;g^ 3X10"/cm^e^J Si 
GaN?^^6tl n MSMMo 
( m^^^ GaN M 5). . 

g^, PsW±m')^HW. * 1050° c T. Mmw^^^'^^j^mm 

% lOOA GaNM 5o 

( n M ^ M M )i 6 ) 
S*, ^iSiS^^J 800° C 0t, -ffiffi TMG, TMI> % , ;t -fe ^ i # ^ |V 
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w in„.03Gao.97 n mm^ 25A mm-^n.ik.m^^wmo mis, 
nmw^m. ^^±^^}^mm^ 25Aw, ^mw^^ Gan mi^^m-^ 
M^ti¥##mo ^j^s^fix w±6<j^#, i^m^=.^ + m-^^m 

loM- ftisi^^S GaN|fci^fi<i, :S4^^IiJf ^t, 500A 6<j 

* ^ fa ^ 6<J n M ^ M M 0 

( W M 7 ) 

^^^MS^Sif^ 800' C- jjffi TMG^ TMI. ^ ^ ^ ^ J? ^^^r 30AWS 

A^^^m Ino.,Ga„.e N I^^W^M. ^ , ^ M ^ ^ M + W M + fS- ^ M + 

+ mmm^n^m^, ^ 5 m^^msi 4 MWM^^itfeM^^ 

1120A fi^S^Sf^^^l^^fitJW^iM?. 

ipM^Mmm 8) ■ 

^j^, itffi TMG. TMA. a. Cp2Mg( J^J[S;- jt^^ 
^ 25A 6^, m ^ik&ik SXIO'Vcm' W p M Alo., Gao.9 N ^ at) 

^H|tm^tf¥#^li. 1?± TMA> Cp2Mg, ^^^mm^ 25A 

jSJ^^M^* 200A ^Mb1*&^I^*^^K!pM^MMM 8, 

1500° C T, TMG, Cp2Mg,^fe-K:;^gJij¥ 700A 

fill, S#^Mg6<]?^g^ lX10^Vcm^6<] pSGaN^£l^6<JpMgMM9. 

nmat. s 700° c raff m.^ic, p fB^o 

ffiB^BJtiA^m^^-tlSitB, 4ft±ffi--M&^ p M^M-M 
M^.:t^.«ft±Mfi<l pSgMM6^;i^S4'«ffi±?^^MJi^ 200A 

^ * W > S ffl W Au 1^ 6^ p # S: * t^ ' 1 1 . ^-:^m. ?E ^ij tt. 
M#Sttl5^W ni^^ll!ljM46^«M±M^-#W?n Alfi^J 12, 
^ LED TGft 7 o 
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LED 7^ # S jE fB] 4, Jl 20mA T, Hb M ^ 520nm 6^ ^ ^ -fe 
MVfKW3.5V. LED 7G#4Stk., Yf^i^im 

S 0.5V, i^{fJ^iSj7Mftlii±. Hjfc, mmn^\iX'^^ lOmA fitJ LEDtc 

LEDo -^^ffWTC^fiOir^^JiJlfttfck^^a&fi 

mi:i'ii^ LED yti'^m^isj^m^^ GaN 1^ &^ m -'^i '^m±mikd^ 

W GaN^g^fitl ntJ^MM, * ^ 5fi M 1 - # W ^ fi T W ^ ^ fi<J W 

^'iiW 44 

S^M^MS^", * ^-K n M^M^M 6 &{j3ifi t , ^7p,^^-|,{, 
j^g^ IXlO'Vcm^M Si W GaN :t 
^h. ^\tnmn, *'Jf^^ LED 7C#. ^;f^#W7c#^^;ici!c-^^M^^M3 

$M0IJ 45 

fti^*##M{S^^|#.^T*j®;^ IXlO'Vcm^ m In,,„3 Ga,,3, N M, 

?E^-ftE^i^¥##iifSi[j^#^T^i!^;g^t, SXlO'Vcm^ Si 6tl GaN M 
i^h, KteilffilW). LED 7n#o LED 7C#:S 20mA Bt. Vf 

^ 3.4V, S ^ fcB 1^ Hi tb lii ft 6<} # i.5^lU±Wift^&«]!i#'i4. jlfc^h. 

46 

fttJ¥#l*M^l5^^^#|^T^;gj^ IXlO'Vcm^ tfy Mg eti p a GaN 
SifetPffilWI, ^H-^ ^ LED 75 # St ;P;f^f#W7C#=i.W:^S!C-^^MM 43 ^1 

^SIM 47 , . 

Al„.,Ga„.,N m^^^%^^^%il^a^^Wmmmm% 25A, E&##^6tl GaN 

^4)^&5Bra#a«s4^^^f'|2i^m6<]Mff^ 25A,ffi if] # Ife ^ il S M ^ :t 
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43 taiWI W fejf W7C##14. 

^mm 48 

TMij^^MWT^'^ft:t^K KfetP^Bl^I. it jig LED = 
(nii^M^4) 

S 1050° c T. ^#fflM^fP TMG f^:^Ji*4n#, ffl^^^ 

WWt^^M^W , ^^}^ 2.25 ^^*J¥0<J, S^I^T^^JS^ti 6X10'Vcm^ 
K Si GaN ^ 6^ n M ^ M M 4.. 

Kff±^^n^, S 1050° CT, fflM^^D TMG^fe-fe^SM 
2000A Ga.N M ^ 6<J T M 305a. ^jg, :£|i]#WJagT. 

&{] Si 6{J GaN 1^ ^^fitJ fa] M 305b. n U J5 . K<?±^^n#. ^|WI#6<J 
jajgT^-l^^fliff ^ 50A6<JS^N#^ GaN^4j^6<]±M 305co T^, 
dfe-fej^SHMili^fi^, 2350A 
( n M ^ ^ M ^ 6 ) 
g*. ^mn^U&r , 'ffiS^^.^S^J GaN 
##^^-i^ilJ 40Ao f^.j5, ^^knm 800' C. TMG. TMI. M. , ^fe 

■feiSi^^^e^ In«.„,Ga„.,« N , J¥ ^ 20A 6^ ^ - # ^ ^ tl ^1^ ^ 

40A Km-^tm^^ti^##m, mmim^M^^m^Mm^i^t^, 

m^tfn 640A 6<] n M^MUM 6. 

^jS , ^ 1050° C T . TMG> TMA. ^ . Cp2M.g(- if ^ - :^ 

^ ),^-^^MJ¥^ 40A 61] , Etl # 3^ Mg S^J ;g 5X10"/cm^6<] p M Alo.2 
Ga„.8 N t^J^6^j|lH^+ mi-t^^f'ftlio t^Si^TPISiJ 800° C, 

ffl TMG. TMA> Cp2Mg, 'i.'^f&mmy^ 25A W , * ^ ^ 7 "/^i? S 5 

XlO'Vcm^ m Mgm In„.„2Ga„.,« NliJ^M^HItM'ft^^f'I^Mo ^je, 
SXagW±&^Jtif1^. gcMmH + mfflWlflMm. ^Ili^liMfi 5^±iEM 
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pjf^mm LED 7c#M^7^^iiM 43 :k^:^^m^i)t^^:^ytmih 

7c#- tgSm<KW^?j!iT^tB-^!^aW LED 7c#l^#6ti, ^m^:k^m 
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